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American  Railway  Progress  Exposition 

McCormick  Place,  Chicago 

October  9-16,   1963 

AREA  Membership  Meeting  and  Related  Activities  Played  Important 
Part  In  Overall  Program 

Supplementing  the  Annual  Business  Meeting  of  the  Association,  March  15-16,  which 
was  restricted  to  half-day  sessions  to  hear  alone  committee  reports,  act  on  Manual 
recommendations,  and  transact  official  year-end  business,  the  Association,  acting  con- 
currently in  its  capacity  as  the  Engineering  Division,  AAR,  played  an  important  part  in 
the  American  Railway  Progress  Exposition  at  McCormick  Place,  Chicago,  October  9-16. 
This  took  the  form  of  a  one-day  Membership  meeting  in  the  Banquet  Room  on  October 
9,  which  was  supplemented,  October  8  through  October  11,  by  the  fall  meetings  of  21 
of  the  Association's  22  standing  and  special  committees,  a  meeting  of  the  Board  of  Direc- 
tion, and  the  annual  slate-making  meeting  of  the  Association's  Nominating  Committee. 
Official  housing  headquarters  for  members  were  the  Conrad  Hilton  and  Morrison  Hotels, 
the  former  being  the  headquarters  also  for  the  women's  activities — the  highlight  of 
which  was  a  Reception  and  Tea  in  the  Upper  Tower  Room  on  October  9. 

Thus,  over  the  period  October  8  through  October  11,  members  and  guests  partici- 
pated not  only  in  AREA  activities,  but  also  in  the  joint  luncheon  and  meeting  of  all 
railway  and  railway  supply  groups  on  October  10,  and  viewed  the  huge  indoor  and  track 
exhibits  staged  throughout  the  Exposition  jointly  by  the  four  present  large  railway 
supply  organizations  under  the  auspices  of  the  Combined  Railway  Suppliers  Exhibit. 

There  was  no  separate  official  registration  of  AREA  members  and  guests,  but  an 
indication  of  the  number  of  members  and  others  who  participated  in  at  least  some  part 
of  the  Association's  activities  is  seen  in  the  fact  that  of  the  total  of  some  30,000  who 
officially  registered  into  the  Exposition,  930  requested  AREA  identification  inserts  for 
their  registration  badges. 

The  accompanying  program  for  the  Association's  Membership  meeting  shows  that 
it  began  with  a  joint  Opening  Session  with  the  Communication  and  Signal  Section,  AAR, 
which  was  addressed  by  C.  D.  Buford,  vice  president,  Operations  and  Maintenance  De- 
partment, AAR,  and  B.  F.  Biaggini,  executive  vice  president,  Southern  Pacific  Com- 
pany— this  session  being  followed  by  two  technical  sessions.  The  program  for  these 
latter  sessions  included  a  total  of  five  addresses  and  two  motion  pictures. 

A  running  report  of  the  entire  meeting,  including  all  addresses,  is  presented  in 
following  pages,  through  page  85. 
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PROGRAM 

AREA  Membership  Meeting — and   Concurrent  Meeting, 

Engineering  Division,  AAR.  Banquet  Room,  McCormick 

Place,    Chicago,    October  9,    1963 

(Joint  opening  session  ivith  the  Commitnicaiion  and  Signal  Section,  AAR) 

JOINT   OPENING    SESSION — 10:00   AM 
Opening  Remarks  by  L.  A.   Loggins,  president,  AREA,  and  chairman,  Engineering 
Division,  AAR,  and  by  H.   B.   Garrett,   chairman,   Communication  and  Signal 
Section,  AAR. 

Introduction  of  the  Board  of  Direction,  AREA  (General  Committee,  Engineering 
Division,  AAR),  and  of  the  Committee  of  Direction,  Communication  and  Signal 
Section,  AAR. 

Keynote  Address — "Let's  Look  at  Raihoading" — by  C.  D.  Buford,  vice  president. 
Operations  and  Maintenance  Department,  AAR. 

Address — "Engineering:  Tool  For  Profit" — by  B.  F.  Biaggini,  executive  vice  presi- 
dent. Southern  Pacific  Company. 

AREA   TECHNICAL   SESSION — 11:10   AM 

(PresideiH  L.  A.   Loggins,  presiding) 

Motion  Picture — "Replacement  of  An  Old  Iron  Bridge"  on  the  Southern  Pacific  over 
the  Colorado  River  at  Kingsland,  Tex.,  with  introductory  comment  by  H.  A. 
Hunt,  assistant  chief  engineer.  Southern  Pacific  Company,  Texas  &  Louisiana 
Lines. 

Address — "Signs  of  Life",  by  H.  H.  Hale,  assistant  to  vice  president — highway 
transportation,  AAR. 

Recess  for  luncheon. 

AFTERNOON   SESSION — 1:30   PM 
(President  L.  A.  Loggins,  presiding) 

Motion  Picture — New  High-Speed  Tokaido  Line  of  the  Japanese  National  Railways, 
with  introductory  comment  by  W.  M.  Keller,  vice  president,  Research  Depart- 
ment, AAR. 

Address — "Restoration  of  Damaged  Bridges",  by  E.  A.  Johnson,  engineer  of  bridges, 
Illinois  Central  Railroad,  and  J.  C.  Nichols,  bridge  engineer,  Louisville  & 
Nashville  Railroad. 

Address — "The  Engineering  Characteristics  of  Railroads  as  an  Economic  Factor", 
by   W.   W.   Hay,   professor  of  railway  civil  engineering.   University  of  Illinois. 

Address — "Engineering  Aspects  of  Railway  Consolidations",  by  W.  L.  Young,  chief 
engineer,  Norfolk  &  Western  Railway. 

Address — "Air  Rights  Developments — The  Engineer's  Viewpoint",  by  H.  J.  McNally, 
chief  engineer — New  York  Improvements,  Pennsylvania  Railroad. 

Adjournment 


Joint  Opening  Session 
(AREA  and  C  &  S  Sec,  AAR) 

OPENING  REMARKS  BY  PRESIDENT  L.  A.  LOGGINS* 

Members  of  the  American  Railway  Engineering  Association  and  of  the  Communi- 
cation and  Signal  Section  of  the  Association  of  American  Railroads,  railroad  friends, 
and  other  guests:  Welcome  to  the  American  Railway  Progress  Exposition  and  to  this, 
one  of  its  several,  opening  sessions.  Only  moments  ago,  this  Exposition — long  in  the 
planning — was  officially  opened,  and  is  now  underway.  In  every  respect  it  promises  to 
come  up  to  expectations  and  to  have  a  profound  impact  both  within  and  outside  the 
railroad  industry. 

We  of  the  American  Railway  Engineering  Association,  in  our  capacity  as  the 
Engineering  Division  of  the  Association  of  American  Railroads,  are  proud  to  have  a 
part  in  this  huge  display  of  the  advancing  technology  in  the  railroad  industry  and 
to  contribute  towards  its  success.  Our  members,  and  the  members  of  all  railroad  groups 
to  meet  here,  will  profit  greatly  by  taking  part  in  the  many  technical  dicussions 
scheduled  during  the  next  eight  days  and  through  the  viewing  of  the  vast  exhibits  of 
modern  railroad  equipment,  materials  and  supplies  assembled  here  by  the  railway  supply 
industry  for  our  benefit  and  convenience. 

Our  railway  supply  friends  will  benefit  in  many  ways,  by  bringing  their  products 
and  latest  developments  to  this  exposition  where  they  will  have  unparalleled  opportunity 
to  meet  with  so  many  of  their  customers  in  so  short  a  time. 

While  the  general  public,  for  practical  reasons,  cannot  share  in  our  meetings  and 
in  much  of  the  Exhibit,  we  are  happy  to  know  that  so  many  influential  representatives 
of  the  public — in  government,  in  education,  in  business,  and  in  industry  generally — 
will  be  here  and  will  be  given  an  opportunity  to  see  a  dynamic  railroad  industry  at 
work  We   especially  welcome  these  representatives  of  the  public. 

I  extend  a  special  cordial  welcome  to  the  representatives  present  from  several 
Latin  American  and  other  foreign  countries.  We  are  pleased  to  share  our  technology 
with  them;  hope  to  learn  much  from  them;  and  wish  for  them  a  pleasant  and  profit- 
able visit  here  at  our  Exposition  and  while  elsewhere  in  our  country. 

This  is  a  joint  session  of  the  American  Railway  Engineering  Association — which 
functions  as  the  Engineering  Division  of  the  AAR — and  the  Communication  and  Signal 
Section  of  the  Operating  and  Transportation  Division  of  the  AAR.  The  groups  of  men 
here  at  the  speaker's  table  to  my  right  and  left  are  the  directing  bodies  of  these  two 
important  organizations.  To  my  right  are  members  of  the  Board  of  Direction  of  the 
AREA,  and  who  serve  concurrently  as  the  General  Committee  of  the  Engineering 
Division,  AAR.  In  the  interest  of  conserving  time,  I  shall  not  introduce  them  individu- 
ally but  I  should  like  to  present  them  as  a  group,  a  splendid  group  to  have  on  any 
team.  Gentlemen,  will  you  please  stand  momentarily  and  be  recognized. 

[AREA  Board  stood.] 

I  shall  limit  myself  to  presenting  only  one  of  the  distinguished  group  sitting  to  my 
left — our  friends  in  the  Communication  and  Signal  Section — the  chairman  of  that 
important  Section,  H.  B.  Garrett,  signal  engineer  of  the  Southern  Pacific  Company. 
Mr.  Garrett. 

[Mr.  Garrett  took  over  the  microphone,  presented  his  comments,  and  introduced, 
as  a  group  his  Committee  of  Direction.] 


Chief    Engineer,    Southern    Pacific    Company,    Tcxa.s   and    Loui.siana    Lines, 
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Let's  Look  at  Railroading 

By  CURTIS  D.  BUFORD 

Vice  President,   Operations   and   Maintenance,   Association  of  American   Railroads 

INTRODUCTORY   REMARKS  BY  PRESIDENT  LOGGINS 

We  are  fortunate  to  have  the  vice  president,  Operations  and  Maintenance  Depart- 
ment of  the  Association  of  American  Railroads  as  keynote  speaker  of  this  joint  open- 
ing session  and,  I  am  sure,  of  the  American  Railway  Progess  Exposition  as  a  whole.  To 
most  railroad  men  here,  Curtis  D.  Buford  is  no  stranger  and  needs  no  introduction. 
But  for  the  benefit  of  those  of  our  friends  present  who  may  not  have  had  the 
pleasure  and  privilege  of  knowing  him,  I  shall  give  a  brief  sketch  of  his  career. 

Mr.  Buford  is  an  engineer  by  training  and  has  been  a  member  of  the  American 
Railway  Engineering  Association  since  1955.  He  was  graduated  from  Massachusetts 
Institute  of  Technology  in  1942  and  shortly  thereafter  entered  the  Corps  of  Engineers, 
U.  S.  Army,  as  second  lieutenant.  He  became  connected  with  the  MiUtary  Railway 
Service,  with  headquarters  at  St.  Paul,  Minn.  Following  that,  he  served  in  various 
military  railway  units  in  the  United  States,  Alaska,  and  Europe,  and  while  in  Europe 
was  attached  to  the  Second  Military  Railway  Service  Headquarters  under  General 
Burpee.  During  that  time  he  became  a  captain  and  was  advanced  to  the  grade  of  major. 

Mr.  Buford  entered  civilian  railroad  service  in  1946  in  the  Transportation  Depart- 
ment of  the  New  York  Central  System.  In  that  department  he  held  successively  the  posi- 
tions of  trainmaster,  assistant  superintendent  of  freight  transportation,  division  super- 
intendent, and  then  assistant  general  manager  of  the  Western  District  with  headquarters 
at  Cleveland,  Ohio.  From  that  position,  on  August  10,  1959,  he  was  called  to  be  vice 
president  of  the  Operations  and  Maintenance  Department  of  AAR,  and  since  that  time 
has  distinguished  himself  in  that  office. 

Many  large  railroad  meetings  and  exhibits  were  formerly  held  periodically  at 
Atlantic  City,  N.  J. — the  last  of  which  was  in  the  summer  of  1953.  The  valuable  aspects 
of  those  earlier  affairs  and  the  subsequent  rapid  advances  in  railroad  technology  com- 
bined to  spark  this  current  Exposition.  Our  keynote  speaker  early  seized  upon  the  idea 
for  this  American  Railway  Progress  Exposition  and,  working  with  the  many  railway 
organizations  and  railway  supply  groups  involved,  he  has  been  largely  instrumental  in 
bringing  it  to  fruition.  Therefore,  it  is  especially  fitting  that  Mr.  Buford  should  be  our 
keynote  speaker  this  morning,  and  I  am  pleased  to  present — Mr.  Curtis  D.  Buford. 

ADDRESS  BY  MR.  BUFORD 

Today's  joint  membership  meeting  of  the  American  Railway  Engineering  Associa- 
tion and  the  Communication  and  Signal  Section,  Association  of  American  Railroads,  is 
of  special  significance  because  it  coincides  with  the  opening  of  the  American  Railway 
Progress  Exposition.  It  is  appropriate  that  your  sessions  are  being  held  during  the  great 
railroad  show  here  in  Chicago,  since  your  membership  exempHfies  the  forward  thinking 
and  skill  that  have  contributed  so  much  to  the  technological  development  of  our 
industry. 

The  splendid  array  of  exhibits  at  the  Exposition  dramatically  illustrates  the  dynamic 
pace  already  evident  throughout  the  railroad  industry  of  the  United  States.  Truly,  we 
may  regard  this  display  of  rail  technology  as  a  "milestone  of  progress." 
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Full  measure  of  credit  is  due  the  many  railway  suppliers  and  manufacturers  whose 
efforts  and  contributions  have  made  possible  this  gigantic  display.  Apart  from  these  ex- 
hibits of  railroad  equipment,  the  Exposition  represents  the  realization  of  the  wishes  of  a 
number  of  professional  and  technical  organizations  within  the  railroad  industry  to  sched- 
ule their  meetings  concurrently  under  one  roof  so  that  discussions  of  mutual  interest 
may  take  place.  The  enthusiastic  response  which  this  idea  has  thus  far  generated  shows 
the  wisdom  of  the  decision.  It  also  rewards  the  extensive  effort  by  the  many  people  in 
the  railroad  supply  industry  and  in  the  railroad  industry  who  have  labored  so  hard 
to  make  this  event  a  reahty.  On  behalf  of  the  railroad  industry  let  me  congratulate  Joe 
Kleinkort  of  American  Brake  Shoe,  and  his  Board  of  Direction  of  the  Combined  Rail- 
road Suppliers  Exhibit  group. 

For  several  years  I  have  endeavored  in  speaking  with  railroad  groups  such  as  yours 
to  emphasize  the  need  for  each  of  us  to  tell  the  progressive  railroad  story  wherever  it 
can  be  heard.  Too  often,  I  think,  we  are  guilty  of  failing  to  ''blow  our  own  horn."  This 
magnificent  display  gives  us  a  real  opportunity  to  "blow  our  horn"  signaling  a  resurg- 
ing  capability  and  the  dawn  of  a  new  era  of  railroad  service.  Those  who  think  railroads 
belong  with  the  past,  alleging  that  they  have  become  subordinated  to  newer  forms  of 
transportation  in  the  20th  Century  are  wrong.  Although  we  hear  much  about  what  our 
competitors  are  doing  let  us  proclaim  the  steps  that  railroads  have  been  taking  in  evolv- 
ing new  techniques  and  services.  As  a  result  of  this  quiet  revolution  on  the  rails,  more  is 
happening  today  in  terms  of  improvement  and  modernization  of  freight  and  passenger 
service  than  at  any  time  in  the  history  of  this  industry.  We  are  witnessing  a  resurgence 
in  the  railroad  industry.  Truly,  this  transformation  is  indicative  of  a  dynamic  and 
progressive  transportation  service. 

Let's  look  at  railroading  to  see  some  of  these  new  dimensions  in  freight  and  pas- 
senger service  which  have  become  a  reality  due  to  the  technological  ingenuity  of  rail- 
road manufacturers  and  suppliers  as  well  as  to  the  foresight  of  railroad  management 
which  has  invested  over  $17  billion  in  capital  expenditures  since  World  War  II.  Indeed, 
we  can  point  with  pride  to  these  improvements  which  are  becoming  commonplace  on 
today's  railroads. 

A  new  generation  of  motive  power  has  transformed  U.S.  railroads  in  replacing 
steam  with  electric  and  diesel-electric  locomotives  during  the  postwar  era.  Accounting 
for  virtually  all  rail  motive  power  in  service  on  Class  I  railroads,  today's  fleet  of  28,538 
electric  and  diesel-electric  units  is  capable  of  giving  as  much  service  as  the  42,841  pre- 
dominantly steam  locomotives  of   1946. 

Railroads  are  experimenting  with  new  kinds  of  locomotives  such  as  diesel-hydraulics, 
gas  turbines  and  a  coal-fired  turbine. 

Other  types  of  locomotives  on  the  drawing  boards  include  the  u.sc  of  fuel  cells, 
thermo-electric  and  thermionic  devices  and  the  princii)les  of  magncto-hydrodynamic 
propulsion. 

No  less  important  than  the  revolution  in  locomotive  power  are  the  numerous  in- 
novations in  the  nation's  freight  car  fleet.  New  specialized  units  tailored  to  the  ship- 
per's exact  needs  add  strength  to  railroad  service.  Employing  the  latest  lightweight 
metals  and  alloys,  huge  new  cars  have  been  built  to  haul  as  much  as  100  tons  of  grain, 
30,000  gal  of  oil,  15  automobiles,  or  two  40-ft  truck  trailers.  A  giant-sized  box  car  re- 
cently prompted  a  southern  shipper  to  exclaim  "there  goes  80  acres  of  tobacco!"  as  his 
product  was  loaded  aboard. 

All  along  the  line,  on  sidings,  in  yards  and  at  terminals  are  to  be  seen  new  freight 
cars  in  increasing  numbers  with  full-length  doors,  "damage-free  "  interior  bulkheads  and 
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tie-downs,  and  the  "cushioned  underframe"  which  gives  the  freight  car  coupler  a  built-in 
shock-absorber.  Class  I  railroads  in  the  post-war  era  have  replaced  roughly  half  of  their 
freight  car  fleet  with  new  or  improved  units.  While  today's  fleet  of  1,550,000  cars  is  12 
percent  down  from  the  wartime  total,  overall  freight  car  capacity  is  only  slightly  under 
1944.  This  is  due  to  the  fact  that  the  average  capacity  per  freight  car  has  been  steadily 
rising — now  more  than  56  tons,  compared  with  less  than  51  tons  in  1944. 

Impressive  as  these  gains  in  freight  car  capacity  may  seem,  railroad  management  is 
looking  to  other  means  of  increasing  utilization  of  equipment. 

Using  conventional  or  special  single-purpose  cars  and  loading  and  unloading  meth- 
ods, the  unit  trains  shuttle  between  cargo  origin  and  destination  with  little  or  no 
switching,  uncoupling,  servicing  and  handling  operations  ...  or  the  costs  they  entail. 
Through  the  use  of  unitized  trains,  U.S.  railroads  are  holding  and  regaining  coal  traffic 
for  the  railroad  industry  which  normally  moves  about  three-fourths  of  the  nation's 
bituminous  coal  production.  This  presently  amounts  to  the  equivalent  of  nearly  one- 
quarter  of  all  rail  tonnage  and  over  $1  billion  in  annual  revenue.  Moreover,  unit  trains 
make  possible  greater  savings  to  the  electric  utility  industry  and  the  consuming  public. 

Transportation  economists  see  no  reason  why  other  bulk  cargoes  and  even  large 
shipments  of  high-value  products  cannot  similarly  move  in  unitized  trains.  Indeed,  this 
new  concept  of  rail  service  is  a  clear  illustration  of  how  railroads  can  provide  an  im- 
proved transportation  service  when  allowed  to  reflect  the  use  of  new-found  efficiencies 
in  their  prices. 

Still  another  "better  way  to  run  a  railroad"  has  been  evidenced  by  the  remarkable 
recent  growth  of  piggyback  or  trailer  on  flat  car  service.  Piggybacking  has  scored  a  more 
than  five-fold  increase  in  the  past  eight  years  to  over  17,000  cars  loaded  with  highway 
trailers  in  revenue  service  each  week.  While  present  piggyback  service  represents  less  than 
three  per  cent  of  total  carloadings,  some  experts  have  forecast  that  it  eventually  will  ac- 
count for  10  percent  of  all  railroad  freight. 

"Containerization"  promises  to  be  the  growth  service  of  the  next  decade.  Much 
progress  has  been  achieved  recently  in  standardization  of  containers.  Single-container 
shipments,  with  obvious  savings  in  packing,  handling  and  damage-loss  cost  now  are 
made  by  varying  transportation  modes  halfway  around  the  world.  For  example,  spe- 
cialized equipment  has  been  developed  which  can  side-load  even  truck  trailer-sized  con- 
tainers in  a  matter  of  minutes. 

You  have  led  the  way  in  the  use  of  remote  control  and  electronics  to  improve  serv- 
ice for  much  of  today's  rail  traffic.  Some  40  major  new  automated  freight  yards  and 
nearly  20,000  miles  of  track  operating  under  Centralized  Traffic  Control  have  been  in- 
stalled during  the  past  ten  years  to  expedite  today's  exacting  freight  and  passenger  sched- 
ules. As  you  know,  these  new  yards  are  so  equipped  as  to  assist  them  in  identifying, 
classifying  and  switching  cars  automatically,  and  to  permit  the  makeup  of  trains  in 
vastly  more  efficient  ways.  And  CTC,  as  you  also  know,  places  all  train  movements  on 
as  much  as  300  miles  of  track  under  a  central,  remote  control  system,  increasing  the 
efficiency  of  a  single  track  line  by  as  much  as  80  percent. 

Nor  has  automation  been  limited  to  traffic  control.  Data  processing  equipment  today 
handles  passenger  reservations,  waybills,  train  "consist"  reports,  and  the  more  prosaic 
paperwork  involved  in  payrolls  and  record-keeping.  Future  applications  are  almost  too 
numerous  to  mention.  Remote  controls  for  rolling  stock  and  off-track  equipment  are 
already  being  developed.  A  few  fully-automated  industrial  trains  are  presently  running 
on  short  freight  hauls  and  experts  say  that  the  technology  for  broader  use  of  this  de- 
velopment is  available  today. 
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Modern  railroading  requires  instantaneous  direction.  The  railroads'  nerve  system — a 
vast  communications  network  of  telephone,  telegraph,  radio  and  microwave  systems 
spanning  the  U.S. — has  become  an  increasingly  complex  system.  Since  World  War  II, 
micro-wave  radio  installations  have  jumped  from  a  few  frequencies  covering  100  miles 
to  over  10,000  route  miles.  Moreover,  extensive  gains  have  been  realized  in  the  use  of 
radio,  facsimile  transmission  of  documents,  and  automatic  electronic  message  switching 
centers  on  a  number  of  the  nation's  railroads. 

Other  illustrations  of  the  trend  of  mechanization  on  the  railroads  are  to  be  found 
in  the  latest  techniques  in  maintenance  of  way  operations.  Greater  flexibility  in  track 
maintenance  has  been  brought  about  by  the  use  of  off-track  equipment  such  as  self- 
propelled  bull-dozers,  crawler  cranes  and  other  heavy  duty  equipment  which  have  re- 
placed many  of  the  rail-borne,  steam-powered  ditchers  and  cranes  of  earlier  years. 

Your  effort  and  America's  leadership  in  right-of-way  improvements  in  railroading 
is  exemplified  by  the  continuous,  welded  section  of  rail  extending  as  much  as  a 
mile  in  length.  This  modern  track  now  accounts  for  more  than  7,000  track  miles.  It 
requires  20  to  30  percent  less  maintenance  than  standard,  jointed  rails,  resulting  in 
annual  savings  that  run  to  nearly  $700  a  mile.  Seeking  still  further  improvements,  U.S. 
railroads  now  are  experimenting  with  a  flame-hardening  process  to  boost  rail  service  life. 
With  the  move  to  suburbia  and  the  "urge  to  travel"  expected  to  dominate  the 
American  scene  in  the  decades  ahead,  U.S.  railroads  are  continuing  to  seek  ways  to 
meet  the  need  for  better  long-haul  passenger  and  local  commuter  service.  Railroads 
have  spent  over  $1  billion  since  World  War  II  in  modernizing  passenger  equipment, 
providing  some  7,000  new  cars  for  passenger  trains — some  of  them  ultra-modern 
double-deckers  and  specialized  commuter  cars. 

Railroad  management  is  alert  to  the  growing  interest  at  all  levels  of  government  of 
the  importance  of  rail  passenger  transportation.  President  Kennedy  recently  appointed 
a  study  group  to  analyze  the  feasibility  of  a  Boston  to  Washington,  D.C.,  rail-road-air 
rapid  transit  system.  A  number  of  other  major  population  centers  throughout  the 
country  are  exploring  proposals  for  rail-based  urban  transit  systems. 

All  of  these  technological  impovements  in  railroading  cost  a  great  deal  of  money. 
For  example,  this  year's  capital  expenditures  are  expected  to  approximate  $1  billion, 
based  on  a  recent  government  survey.  While  this  outlay  is  20  per  cent  greater  than  the 
$833  million  spent  in  1962,  it  is  still  far  short  of  the  $1^  bilhon  annual  rate  which 
industry  experts  feel  is  necessary  if  the  railroads  are  to  head  off  obsolescence  and  re- 
main competitive. 

The  improvement  in  this  year's  modernization  program  is  undoubtedly  due  in 
large  measure  to  liberalized  depreciation  guidelines  announced  by  the  Treasury  Depart- 
ment last  year  and  the  investment  tax  credit  enacted  by  Congress  late  in  1962.  These 
actions  have  helped  to  increase  the  cash  flow  by  reducing  or  deferring  taxes  and  thus 
have  made  more  funds  available  for  further  rail  plant  and  equipment  modernization. 

In  short,  these  guidelines  have  set  a  new  service  life  for  tax  purposes  on  machinery 
and  equipment  at  a  more  realistic  14  years,  slashing  by  one-half  the  life  of  freight  and 
passenger  cars  and  by  roughly  one-third  that  of  road  and  yard  diesels  which  generally 
had  been  depreciated  over  20  and  25  years,  respectively.  .And  the  investment  credit 
program  affords  a  railroad  an  immediate  tax  credit  of  7  per  cent  which,  for  example, 
on  the  purchase  of  a  new  $300,000  die.sel  locomotive  can  reduce  a  carrier's  current  tax 
bill  by  as  much  as  $21,000. 

The  outlook  for  railroad  modernization  programs  in  1964  will  depend  greatly 
on  earnings,  traffic  trends,  competition  with  other  modes  of  transport  and  congressional 
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action  on  federal  regulatory  policies.  Lifting  some  of  the  regulatory  drags  under  which 
railroads  are  now  required  to  operate  would  enable  the  carriers  to  offer  at  the  lowest 
possible  rates  an  improved  transportation  service. 

A  key  proposal  in  this  area  is  the  Administration-sponsored  legislation  that  would 
remove  controls  over  the  minimum  level  of  freight  rates  on  shipments  of  agricultural 
and  bulk  commodities.  Favored  by  President  Kennedy,  non-partisan  transport  experts, 
farm  groups,  freight  shippers  and,  most  importantly,  by  the  public,  this  "fair  con- 
petition"  legislation  would  put  the  completely  regulated  railroads  on  a  more  equal 
footing  in  competing  with  truckers  and  with  waterway  carriers,  the  great  bulk  of 
whose  traffic  is  free  of  all  rate  regulations. 

Railroad  management  has  not  been  content  to  rest  with  the  pursuit  of  these 
yet-to-be-attained  goals.  The  carriers  continue  to  exert  every  effort  to  undertake  such 
self-help  measures  as  the  elimination  of  outmoded  wasteful  work  practices,  tailoring 
of  services  and  rates  to  fit  the  needs  of  shippers,  and  increased  efficiency  through 
soundly  conceived  mergers. 

Additional  savings  are  being  attained  in  the  field  of  research  where  studies  on 
subjects  ranging  from  food  preservation  to  hot  boxes  and  from  weed  control  to  use 
of  glue  in  bolted  joints  have  produced  estimated  economies  of  $110  million  each  year 
for  travelers  and  shippers  of  America's  railroads. 

Other  research  projects  include  improved  methods  to  reduce  the  continuing  toll  of 
freight  loss  and  damage  claims  which  approximate  $100  milhon  annually.  Past  re- 
search efforts  amongst  car  builders  and  suppliers  have  resulted  in  many  modern  freight 
car  improvements.  Yet,  it  would  appear  that  research  in  the  physical  sciences  directed 
toward  defining  the  effects  of  train  operation  on  the  components  of  equipment  is 
needed. 

Today's  improvements  in  data  processing  through  electronic  computers  offer  great 
possibilities  to  develop  broader  and  more  useful  market  analyses  and  cost-finding  pro- 
cedures. The  need  is  great  for  our  industry  to  assemble  creditable  cost  information  as  a 
sound  reference  for  intelligent  price  setting. 

Much  more  needs  to  be  done  by  the  industry  in  meeting  the  varying  demands  of 
the  shipping  public  if  we  are  to  remain  competitive  with  other  modes.  Even  with 
today's  advances  in  rail  technology,  there  appears  to  be  a  need  for  better  knowledge 
of  inventory  location,  cargo  consist,  origins  and  destinations  which  would  permit  pre- 
planning and  programming  of  movements  as  well  as  more  rapid  response  to  delays 
which  may  occur  in  the  railroad  system. 

Still  another  topic  for  research  which  has  been  proposed  is  an  improved  method 
for  providing  up-to-date  information  on  car  movements  to  shippers.  Some  persons 
suggest  that  railroads  consider  the  establishment  of  a  central  car  information  bureau 
for  the  use  of  individual  lines  and  possibly  a  nationwide  rail  communication  system 
for  expediting  and  coordinating  information. 

Looking  to  the  future,  transportation  economists  predict  that  if  increases  in  inter- 
city freight  traffic  hold  the  same  ratio  to  population  growth  as  during  the  post-war 
period,  the  nation's  traffic  volume  could  well  exceed  2,400  billion  ton-miles  by  1980, 
or  1^  times  the  present  level.  And  by  the  year  2000,  this  rate  of  transportation  growth 
may  well  be  doubled — pointing  the  way  to  still  more  business  for  the  railroads. 

Railroad  management  is  confident  in  the  ability  of  the  industry  to  obtain  a  greater 
share  of  the  nation's  intercity  traffic  in  the  decades  ahead.  As  today's  Number  One  car- 
rier, the  railroads  are  unsurpassed  in  their  inherent  ability  to  move  enormous  volumes 
at  diminishing  costs.  No  other  mode  of  transport  can  match  this  record  of  efficiency, 
now  or  in  the  foreseeable  future. 
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Man's  daily  transportation  problems  are  becoming  increasingly  complex.  Uncle 
Sam  is  already  spending  billions  of  dollars  each  year  in  promoting  and  assisting  other 
modes  of  transportation,  including  the  development  of  rockets  and  space  vehicles,  while 
ignoring  the  fact  that  we  already  possess  the  most  foolproof  guidance  system  ever 
devised — the  steel  wheel  on  the  steel  rail.  Herein  hes  the  key,  it  seems  to  me,  to  finding 
better  ways  of  meeting  our  surface  transport  crisis. 

Largely  as  the  result  of  your  technical  know-how,  the  railroads  are  setting  the 
pace  for  tomorrow's  transportation.  This  great  Exposition  clearly  shows  that  the  con- 
tinuing evolution  of  rail  technology  will  enable  the  railroads  to  render  a  still  better 
transportation  service  geared  to  meet  the  growing  needs  of  an  expanding  population 
and  a  dynamic  economy. 


Engineering:   Tool   for   Profit 

By  B.  F.  BIAGGINI 

Executive    Vice    President,    Southern    Pacific    Company 

INTRODUCTORY    REMARKS    BY    H.    B.    GARRETT,    CHAIRMAN, 
COMMUNICATION    &    SIGNAL    SECTION,    AAR 

It  is  my  privilege  to  introduce  the  next  speaker — B.  F.  Biaggini — who  has  a  force- 
ful and  challenging  message  to  all  of  us  here  assembled.  Mr.  Biaggini  graduated  from 
St.  Marys  University  of  San  Antonio,  Tex.,  in  1936  with  a  Bachelor  of  Science  Degree. 
He  entered  railroad  service  with  the  Southern  Pacific's  Texas  &  Louisiana  Lines  at  Ennis, 
Tex.,  on  July  13,  1936,  as  a  rodman  in  the  division  engineering  department.  Subsequently 
he  held  various  positions  in  the  engineering  and  executive  departments  of  the  railroad 
in  Texas.  In  1955  he  became  vice  president  at  Houston,  Tex.,  and  in  1956  a  vice  presi- 
dent in  the  Southern  Pacific  executive  department  in  San  Francisco.  On  August  16, 
1936,  he  was  elected  executive  vice  president  and  a  director  of  the  company   . 

Mr.  Biaggini  is  a  director  of  Junior  Achievement  of  San  Francisco  Inc.,  a  former 
director  of  the  San  Francisco  Chamber  of  Commerce,  and  1962  campaign  chairman  of 
the  United  Bay  Area  Crusade. 

It  is  with  a  great  deal  of  pleasure  that  I  now  present  Ben  F.  Biaggini.  Mr.  Biaggini. 

ADDRESS  BY  MR.  BIAGGINI 

This  is  sort  of  a  homecoming  for  me.  I  am  delighted  to  have  this  opportunity 
of  renewing  acquaintances  with  so  many  of  my  old  friends  in  the  ARE.'V,  the  Com- 
munications and  Signal  Section,  and  among  our  suppliers. 

Since  I  spent  my  first  IS  years  of  railroading  in  the  engineering  part  of  the  business, 
I'm  fully  aware  of  the  importance  of  the  Association  and  the  Section  as  media  for  a 
free  exchange  of  ideas.  Both  of  your  groups  are  dedicated  to  the  proposition  that  to 
progress  our  individual  roads  we  must  also  progress  the  industry  as  a  whole — that  only 
by  sharing  our  thinking  and  experiences  can  we  all  move  ahead  most  rapidly  toward 
a  stronger  future. 

I  have  also  found  from  my  own  experience  that,  even  though  you  may  leave  the 
engineering  department  for  other  assignments,  you  really  never  get  very  far  away  from 
dependence  on  engineering.  Engineering  developments  play  a  major  part  in  shaping 
the  future  of  our  industry,  and  engineering  considerations  underlie  a  very  substantial 
part  of  railroad  management's  decision  making. 
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I  am  sure  that  no  one  who  has  the  opportunity  to  see  the  variety  of  spectacular 
exhibits  here  in  the  Railway  Progress  Exposition  can  fail  to  be  impressed  that  the 
Exposition  theme,  "Modern  Transportation  for  a  Growing  Nation"  is  indeed  justified. 
I'm  sure  that  no  one  can  fail  to  appreciate  that  this  is  an  era  of  tremendous  accom- 
plishment by  you  of  the  railroad  engineering  profession.  This  is  an  era  in  which  you 
representatives  of  the  various  roads  and  of  the  supply  industry,  adapting  the  marvelous 
new  discoveries  of  science  to  our  needs,  have  revolutionized  just  about  every  detail  of 
our  equipment,  facilities  and  methods. 

It  was  only  a  few  years  ago  that  running  a  railroad  by  push-button  seemed  to  be 
just  about  the  ultimate  development.  Now  even  the  push-button  may  be  passing  into 
history.  Radar  does  a  better  job  than  human  judgment  in  the  matter  of  controlling 
the  speed  of  cars  rolling  down  the  hump  in  our  classification  yards.  And  out  on  the 
line  we  now  have  completely  automatic  dispatching  in  which  approaching  trains  advance 
on  signals  they  automatically  clear  by  their  forward  progress.  On  Southern  Pacific 
we  are  just  completing  installation  of  this  new  type  of  CTC  on  our  line  through  Cali- 
fornia's great  central  valleys.  We've  found  that  its  timing  is  so  precise  that  more  than 
half  the  train  meets  are  being  made  non-stop. 

Intricate  machines  have  largely  taken  over  the  vital  work  of  track  construction 
and  maintenance,  and  are  doing  it  faster,  better  and  more  economically.  For  example, 
on  double  track  when  one  track  is  taken  out  of  service  for  an  8-hr  period,  a  mechanized 
gang  of  only  70  men  can  lay  as  much  as  2  miles  of  track — double  the  amount  formerly 
laid  by  much  larger  gangs  using  mostly  brawn  and  muscle.  A  really  good  man  used 
to  be  able  to  put  in  8  new  ties  in  a  working  day.  Now,  as  a  member  of  a  mechanized 
gang,  his  production  has  risen  to  16  ties  per  day. 

Thanks  to  these  savings,  the  overall  cost  of  maintaining  railroad  right-of-way  today 
is  not  substantially  higher  than  in  1945,  despite  a  three-fold  increase  in  labor  costs  in 
the  same  period.  This  is  one  of  the  outstanding  examples  in  our  industry  of  holding 
the  cost  line  while  improving  the  quality  of  the  work  performed. 

Management  depends  on  engineering  skill  and  imagination  to  carry  us  steadily 
forward  with  new  tools  and  equipment  and  methods  to  do  a  better  transportation  job. 
The  saleability  of  our  transportation  product — its  speed,  its  reliability  and  its  low  co.st  — 
hinges  in  considerable  degree  on  how  efficiently  our  engineering,  communication  and 
signal  people  have  performed.  And  certainly  engineering  skill  and  imagination,  by  finding 
new  ways  to  do  things  cheaper  and  better,  play  a  major  role  in  determining  what  part 
of  gross  revenues  we  can  turn  into  the  net  profit  we  so  urgently  need. 

This  is  the  principal  thing  I  want  to  talk  about  today — engineering  as  a  tool  for 
profit.  I'm  not  going  to  get  into  the  field  of  technical  developments  because  I  know  you 
will  be  hearing  reports  from  much  better  qualified  sources — the  heads  of  your  various 
committees.  What  I  have  to  say  lies  more  in  the  realm  of  personal  philosophy — the  way 
you  regard  yourselves,  your  purposes  and  your  opportunities,  against  the  background 
of  these  swiftly  changing  times  and  in  the  light  of  our  industry's  pressing  need  to 
produce  the  profits  that  will  keep  it  alive  and  in  the  forefront. 

My  first  point  is  that  you  engineers  have  one  of  the  greatest  profit-creating  poten- 
tials of  any  group  on  the  railroad.  It's  true  that  you  are  big  spenders — about  $1^/^  bil- 
lion per  year  alone  for  maintenance  of  way  and  structures.  But  look  at  it  this  way. 
To  put  a  dollar  into  net  revenue,  the  traffic  man  has  to  bring  in  about  $5  worth  of 
business.  In  contrast,  when  you  engineers  find  a  way  to  save  a  dollar,  the  whole  100 
cents  winds  up  in  the  net  revenue  column. 
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So  you  don't  have  to  take  a  back  seat  to  anyone  on  the  railroad  as  profit  makers, 
and  I  urge  you  to  think  of  yourselves  as  such.  I  urge  you  to  cultivate  the  persistent 
habit  of  measuring  everything  you  do  in  terms  of  its  relation  to  net  revenue.  This  is 
the  kind  of  positive  philosophy  which  can  meet  and  overcome  whatever  new  challenges 
the  future  may  hold  for  us. 

One  of  the  characteristics  of  this  kind  of  profit-oriented  thinking  is  a  persistent 
suspicion  of  any  procedure  that  has  been  going  along  in  just  about  the  same  way  for 
any  considerable  length  of  time.  Can  we  get  along  without  it?  Is  there  a  cheaper  way 
to  do  it  just  as  well?  Is  there  a  better  way  to  do  it  more  profitably?  Quite  often  the 
more  hallowed  by  tradition  something  has  become,  the  greater  the  opportunity  for  a 
profit-making  change. 

Virtually  all  progress  for  the  future  comes  from  this  habit  of  critical  scrutiny  of 
the  present.  Part  of  this  progress  is  in  the  form  of  eliminating  waste  wherever  we  can 
find  it — waste  of  manpower,  waste  of  materials,  waste  of  routines  that  no  longer  justify 
their  cost. 

Tools  and  equipment  that  are  no  longer  needed — facilities  that  stand  idle  because 
of  changed  requirements — all  are  sources  of  waste.  They  should  pose  an  immediate 
challenge  either  to  dispose  of  them  or  to  find  some  new  profitable  use  to  which  they 
can  be  put. 

Human  nature  and  professional  pride  being  what  they  are  there  is  also  another 
form  of  waste  which  the  engineer  must  consciously  guard  against.  That  is  the  subcon- 
scious urge  to  build,  for  example,  the  best  bridge  possible,  instead  of  the  bridge  which 
will  do  the  job  adequately  and  at  far  less  cost. 

The  signal  engineers  suffer  from  this  temptation  too,  and  perhaps  to  a  greater 
degree.  There  is  a  good  part  of  our  railroad  system  where  we  can't  justify  a  high  degree 
of  sophistication  in  signal  layout  and  design  just  to  avoid  stopping  a  train  occasionally. 
And  there  are  thousands  of  miles  of  railroad  that  would  be  vastly  improved  by  installing 
signals  or  centralized  traffic  control,  if  only  the  designers  and  builders  of  this  equipment 
could  make  it  available  in  simplified  form  and  at  a  cost  which  would  make  these 
additional  installations  economically  justifiable. 

And  of  course,  as  we  change  our  procedures  we  must  be  constantly  alert  to  see 
that  our  manpower — the  most  expensive  element  in  our  business — is  kept  adjusted  to 
actual  requirements. 

Everything  the  engineer  does  must  be  measured  against  this  performance  yardstick 
of  net  profit.  Every  project  for  which  you  intend  to  recommend  a  capital  expenditure 
should  first  be  analyzed  most  carefully  in  terms  of  overall  savings.  Only  so  much  money 
is  ever  available  at  any  given  time,  and  it  is  up  to  you  to  help  make  sure  that  it  goes 
into  things  that  will  produce  the  largest  net  return. 

But  beyond  eUminating  waste,  this  habit  of  critical  scrutiny  also  creates  the  climate 
in  which  inventiveness  flourishes.  Alertness  to  the  fact  that  something — anything — is  not 
quite  as  good  as  it  should  be,  automatically  invites  creative  thinking.  Many  times  it 
develops  ideas  that  can  be  put  to  work  immediately  on  the  ground.  In  other  cases  it 
brings  forth  suggestions  which  can  be  passed  along  to  suppliers  for  final  perfection  in 
new  equipment.  Or  it  may  trigger  the  undertaking  of  a  major,  and  perhaps  very  profit- 
able, research  project.  This  has  happened  a  number  of  times  on  Southern  Pacific.  One 
of  the  outstanding  examples  is  our  work  with  Stanford  Research  Institute  in  perfecting 
the  Hydra-Cushion  freight  car  underframe,  which  virtually  eliminates  shock  damage  to 
fragile  lading. 
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Research  can  be  defined  in  various  ways,  but  the  definition  I  like  best  is  this  one: 
"Finding  out  what  we  can  do  tomorrow,  when  we  can  no  longer  afford  to  continue 
what  we  are  doing  today."  Certainly,  had  it  not  been  for  the  cost-cutting  and  revenue- 
producing  results  of  the  intensive  research  undertaken  by  railroads  and  suppliers  in  the 
past  15  years,  our  increasing  costs  would  have  long  since  hopelessly  outrun  our  income. 

Your  meetings  here,  coincident  with  the  Railway  Progress  Exposition,  provide  a  rich 
opportunity  not  only  to  talk  to  supplier  representatives  but  also  to  examine  all  of  the 
latest  equipment.  This  is  your  chance  to  find  out  what  is  new  that  can  be  used  to  your 
advantage  and  that  of  your  railroad.  But  it  is  also  your  opportunity  to  let  the  supply 
pecple  know  what  your  further  needs  and  problems  are.  This  is  how  the  new  improve- 
ments and  innovations  are  generated  for  next  year's  equipment.  This,  in  fact,  is  how 
the  seed  for  many  important  research  projects  may  be  planted,  which  will  benefit  our 
industry   for  years  to  come. 

So  much  for  my  first  point — your  tremendous  opportunities  to  create  profit  by 
elimination  of  waste  and  by  developing  new  and  better  equipment  and  methods. 

The  second  point  I  want  to  make  in  this  discussion  of  your  profit-producing  respon- 
sibilities has  to  do  with  your  relations  with  other  departments  of  your  railroad. 

The  time  is  long  gone  when  the  engineer  can  afford  to  look  at  his  job  as  an  end 
in  itself.  As  railroading  has  become  increasingly  complex  and  the  pressures  of  competi- 
tion have  continued  to  increase,  it  has  become  more  and  more  imperative  that  narrow 
departmental  considerations  give  way  wherever  the  ultimate  benefit  to  the  company  is 
involved. 

Your  relationships  with  the  transportation  people  must  be  particularly  close.  You 
need  to  schedule  track  and  bridge  and  signal  work  when  it  will  least  interfere  with  im- 
portant traffic,  yet  still  provide  for  efficient  utilization  of  work  gangs  and  of  their  expen- 
sive equipment.  Inevitably  this  calls  for  some  give  and  take,  but  the  final  arrangement 
should  be  the  one  which  comes  closest  to  protecting  the  overall  interests  of  the  company. 

You  can  be  particularly  helpful  to  the  traffic  people  in  the  way  you  cooperate  with 
new  industries  in  working  out  trackage  layouts.  In  many  cases  you  make  the  first  con- 
tact, and  from  you  the  new  shipper  gets  his  first  impressions  of  the  kind  of  railroad  you 
represent.  If  the  impression  is  a  good  one,  you've  gone  a  long  way  toward  making  it 
easy  for  traffic  representative  to  follow  up  and  ask  for  the  business. 

Looking  beyond  the  narrow  considerations  of  your  own  immediate  job  means  that 
sometimes  you  have  to  be  willing  to  do  things  that  may  increase  your  department  costs. 
But  if  it  costs  your  department  $100  and  will  bring  in  $200  net  revenue  or  net  saving  to 
any  department  of  the  company,  believe  me  it's  worth  doing. 

All  this  calls  for  a  lively  interest  and  the  cultivation  of  a  broad  knowledge  of  the 
objectives  and  problems  of  other  departments.  You  not  only  find  ways  to  gear  your 
work  more  effectively  with  theirs.  You  also  can  sometimes  come  up  with  suggestions 
which  are  of  real  value  to  them.  Certainly  the  traffic  people  have  no  monopoly  on  ideas 
for  attracting  more  business,  and  the  other  departments  of  the  railroad  are  also  wide 
open  to  any  ideas  that  will  improve  their  performance. 

This  need  for  all  departments  to  work  in  complete  unity  of  purpose  within  the 
company  applies  also  in  working  to  improve  the  treatment  we  receive  on  the  outside. 
While  we  seek  every  possible  means  of  raising  our  efficiency,  it  is  equally  important 
that  we  work  to  free  our  individual  roads  and  our  industry  from  the  tremendous  burden 
of  waste  imposed  on  our  operations  by  unrealistic  laws  and  the  endless  red  tape  of 
over-regulation. 
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So  the  third  point  I  want  to  make  in  this  discussion  of  the  importance  of  profit- 
making,  is  that  the  engineer  is  called  on,  like  railroaders  in  whatever  departments,  to 
keep  abreast  of  outside  developments  and  to  exert  his  influence  to  the  full  in  our 
industry's  behalf. 

The  fact  is  that  no  other  competitive  industry  in  our  country  is  so  completely 
regulated  and  restricted  in  doing  its  job.  Here  is  a  vital  industry,  potentially  capable 
of  making  a  tremendous  contribution  to  the  continuing  progress  of  our  nation.  We 
stand  as  the  one  form  of  transportation  inherently  capable  of  moving  large  masses  of 
goods  and  materials  long  distances  overland  at  lowest  actual  cost.  Yet  we  find  the  full 
development  of  this  basic  advantage  artificially  limited  on  every  hand  by  the  greatest 
maze  of  statutes  and  regulatory  edicts  with  which  any  competitive  business  has  ever 
had  to  contend. 

The  result  is  that  no  other  type  of  business  finds  itself  so  sensitive  to  the  vagaries 
of  political  expediency.  From  the  national  level  all  the  way  down  to  the  smaller  com- 
munities, political  office  holders  are  making  decisions  almost  daily,  affecting  just  about 
everything  we  do. 

While  our  railroads  are  fully  paying  their  own  way,  we  find  that  every  other  form 
of  carriage  in  the  highly  competitive  transportation  field  has  been  specially  endowed 
with  some  form  of  direct  or  indirect  subsidy.  We  find  ourselves  denied  even  the  free- 
dom to  lower  our  rates  on  commodities  where  our  competitors  enjoys  complete  rate- 
making  freedom.  We  need  freedom  to  strip  the  railroad  plant  down  to  fighting  trim 
through  elimination  of  unnecessary  services  and  duplicate  facilities  by  coordination  and 
joint  use  of  each  other's  facilities  as  well  as  by  mergers. 

Progress  on  all  these  fronts  has  been  painfully  slow.  President  Kennedy's  proposals 
to  give  the  railroads  some  degree  of  competitive  equality  with  the  trucks  and  barges, 
in  setting  minimum  rates,  are  still  languishing  in  Congress.  Little  has  yet  been  accom- 
plished in  the  way  of  assessing  a  fair  charge  against  our  competitors,  the  trucks,  air- 
lines and  bargelines,  for  their  use  of  public  facilities.  And  the  machinery  for  approval 
of  much  needed  railroad  mergers  is  dragging  along  at  a  snail's  pace. 

The  remedy  for  our  problems  can  come  only  from  the  grass  roots  level  from  which 
all  political  force  emanates.  It  can  come  only  through  your  concerted  effort  and  that 
of  hundreds  of  thousands  of  other  railroaders  to  win  understanding  as  to  the  need  for 
action.  It  can  come  only  out  of  your  willingness  to  seek  out  and  support  candidates, 
at  all  political  levels,  who  will  understand  and  give  backing  to  the  reforms  that  are 
needed. 

Acting  together  as  good  citizens,  we  railroaders  alone  can  have  very  substantial 
political  power  from  the  precinct  level.  And  this  power  can  be  amplified  many  times 
if  we  but  take  the  trouble  to  get  our  story  understood  by  our  friends  and  neighbors. 
The  fourth  and  final  point  I  wish  to  make  on  this  subject  of  "engineering  as  a  tool 
for  profit"  has  to  do  with  your  increased  responsibilities  in  the  field  of  human  relations, 
as  trainers,  leaders  and  administrators,  in  these  times  of  such  rapid  change. 

New  and  complicated  machines  are  doing  the  work  that  used  to  be  done  by  labor 
gangs.  You  must  be  concerned  with  developing  people  with  a  new  level  of  mechanical 
and  technical  skill.  Many  of  the  people  on  your  staffs  today  are  technical  specialists  in 
a  variety  of  new  fields. 

While  you  have  fewer  people,  your  problems  of  training,  of  motivation  and  of 
planning  for  the  best  utilization  of  human  talent  and  energy  have  vastly  increased.  The 
efficiency,  or  lack  of  it,  among  these  fewer  people  is  magnified  many  times  by  the  high 
cost  of  the  tools  they   use.  For  example,  we  have  $150,000  to  $200,000  invested  in  a 
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modern  track-surfacing  unit.  Thus  the  performance  of  the  individual  becomes  more 
important  than  ever  to  our  profit-making  potential. 

Your  responsibility  for  developing  your  people  starts  from  the  day  they  come  to 
work  for  you,  and  it  continues  as  long  as  they  are  under  your  jurisdiction.  It  is  up  to 
you  to  set  the  example,  and  to  see  that  it  is  carried  out  by  your  supervisors,  of  estab- 
lishing a  working  climate  in  which  your  employes  can  gain  an  increasing  and  broad 
understanding  of  the  company  and  the  industry.  It  is  important  that  they  be  given  an 
understanding  of  how  their  specific  jobs  fit  in,  so  that  they  develop  habits  of  thinking 
beyond   the   confines  of   the  specific  things  they  are  doing. 

One  of  your  main  opportunities  to  develop  these  people  is  to  encourage  their  sug- 
gestions. From  them  can  come  many  of  the  ideas  that  are  needed  to  keep  us  out  in 
front.  I  can  tell  you  there  is  no  more  promising  source  of  practical  suggestions,  under 
proper  conditions  of  encouragement,  than  the  man  actually  doing  the  job. 

You  also  have  the  responsibility — and  perhaps  this  is  one  of  the  most  important 
long-range  responsibilities  any  of  us  has — of  identifying  and  finding  ways  to  speed  the 
development  of  bright  young  individuals  who  show  particular  promise  as  future  officer 
material. 

There  was  a  day  in  railroading  when  we  depended  on  letting  people  develop  pretty 
much  as  the  experience  of  others  might  rub  off  on  them.  We  used  to  think  that  if  some- 
one had  what  it  takes,  he  would  automatically  rise  to  the  top  just  as  the  cream  used 
to  rise  in  milk  bottles  before  the  days  of  homogenization.  It  used  to  take  a  man  almost 
to  age  60  before  he  could  be  a  candidate  for  division  superintendent,  and  it  took 
almost  that  long  to  get  to  be  a  division  engineer. 

If  that  system  was  ever  adequate,  it  certainly  is  far  too  slow  today.  We  are  in 
critical  need  of  a  continuing  supply  of  able  leadership,  capable  of  meeting  the  new 
challenges  which  lie  ahead — -capable  of  carrying  us  forward  under  conditions  of  ever 
increasing  complexity.  We  need  to  spot  this  leadership  talent  early.  We  need  to  develop 
it  quickly.  We  need  to  put  it  to  work  at  decision-making  levels  just  as  early  as  possible. 

On  Southern  Pacific  we  have  a  well  established  program  of  sending  some  75  of  our 
people  off  to  college  courses  of  various  kinds  each  year  to  help  speed  their  development. 
Some  of  these  people  are  enrolled  as  undergraduates  for  a  half  year.  Others  go  for  a 
year  or  even  two  years  to  complete  a  degree.  Still  others  attend  middle  management 
or  advanced  management  courses  at  Harvard,  Stanford  and  other  leading  universities. 
In  all  cases  we  continue  the  man's  full  salary  and  also  pay  his  entire  expenses. 

But  the  point  I  want  to  make  here  is  that  we  have  to  depend  on  people  in  posi- 
tions like  yours  to  be  sure  you  are  recruiting  into  your  organizations  the  best  people 
you  can  get.  We  have  to  depend  on  you  to  know  your  people  well  enough  to  spot  the 
ones,  even  down  in  the  lower  ranks,  who  deserve  special  attention  and  opportunity. 
Finally,  success  of  the  whole  system  hinges  on  your  efforts  to  provide  the  climate  in 
which  unusual  ability  is  best  encouraged  to  develop. 

Now  let  me  summarize  the  main  points  I  have  attempted  to  make,  and  then  add 
just   one   more   additional   thought   before   closing. 

Every  dollar  you  save  is  as  good  as  $5  worth  of  new  traffic,  as  it  affects  net  revenue. 
So  think  positively.  Your  profit-making  opportunities  are  as  wide  as  the  scope  of  your 
imagination  in  finding  ways  to  cut  out  waste  and  develop  new  and  better  methods  and 
equipment. 

Be  on  the  lookout  for  ways  to  help  other  departments,  wherever  together  you  can 
add  another  dollar  to  net  income. 
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Keep  abreast  of  politics  and  use  your  influence  as  citizens  for  correction  of  the 
outmoded  statutory  restrictions  which  directly  affect  our  ability  to  attract  business  and 
make  a  profit. 

Never  forget  that  your  profit-producing  responsibility  extends  to  the  future  also — 
in  what  you  do  today  in  developing  tomorrow's  leadership. 

And  now  the  final  observation  I  want  to  leave  with  you  is  this: 

In  many  railroads  the  engineering  departments  have  been  principal  sources  of 
executive  talent.  While  our  industry  has  great  need  for  technically  competent  engineers 
as  such,  you  can  be  sure  there  is  an  even  more  pressing  need  for  those  who  have  gone 
beyond  the  limitations  of  the  transit  and  the  slide  rule  to  accept  the  broader  concepts 
of  their  responsibilities  which  I  have  been  discussing  here  today. 

For  those  of  you  who  have  seen  the  changing  shape  of  the  times — for  those  of  you 
who  accept  and  welcome  the  challenge  of  change  and  find  in  it  new  opportunities  to 
broaden  your  vision  and  your  usefulness  to  the  overall  progress  and  profitableness  of 
your  railroads — the  future  was  never  brighter. 

Gentlemen,  I  wish  you  well. 

Recognition  of  Heads  of  Supply  Organizations 

REMARKS  BY  PRESIDENT  LOGGINS 

Before  adjourning  this  joint  opening  session,  I  want  to  recognize  the  heads  of  at 
least  three  of  the  railway  supply  groups  which  are  prominently  involved  in  the  huge 
exhibit  aspect  of  this  Exposition.  The  National  Railway  Appliances  Association,  which 
is  affiliated  with  the  AREA;  the  Railway  Signal  &  Communications  Suppliers  Associa- 
tion, which  is  affiliated  with  the  Communication  and  Signal  Section,  and  the  Com- 
bined  Railway   Suppliers   Exhibit,   representing   all   of   the   exhibiting   organizations. 

The  President  of  the  NRAA  is  G.  R.  Betts,  Metal  Products  Division,  Armco  Steel 
Corporation.  Will  Mr.  Betts  stand  and  be  recognized. 

The  chairman  of  the  Railway  Signal  &  Communications  Suppliers  Association  is 
J.  Porter,  General  Railway  Signal  Company.  Will  he  please  rise. 

The  third  man  we  want  to  recognize  is  the  chairman  and  directing  head  of  the 
Combined  Railway  SuppHers  Group,  who  has  done  a  magnificant  job  in  coordinating 
the  interests  of  four  railway  supply  organizations,  with  those  of  the  railroad  groups, 
in  producing  this  Exposition.  J.  P.  Kleinkort,  Railroad  Products  Division,  American 
Brake  Shoe  Company,  I  invite  you  to  come  to  the  microphone  to  say  a  few  words 
about  your  group.  Mr.  Kleinkort. 

[Mr.   Kleinkort  came  to   the   microphone  and  presented  his  comments.] 

Joint  Session  Adjourned 

REMARKS   BY  PRESIDENT   LOGGINS 

Gentlemen,  this  concludes  the  program  of  the  Joint  Opening  Session  of  our 
meeting.  I  am  pleased  that  so  many  of  our  railway  supply  friends  left  their  exhibit  booths 
to  be  here.  Mr.  Garrett,  we  are  pleased  and  honored  that  your  Section  joined  with 
us  on  this  occasion,  disrupting  somewhat,  I  am  sure,  the  normal  opening  session  of  your 
Annual  Meeting.  But  to  delay  that  opening  session  no  longer,  I  shall,  in  just  one 
moment,  excuse  the  officers  and  members  of  the  Communication  and  Signal  Section,  and 
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wish  for  them  a  most  successful  annual  meeting.  At  that  time  members  of  the  AREA 
Board  of  Direction  will  be  excused  from  the  speaker's  table. 

In  three  minutes,  I  shall  convene  the  morning  Technical  Session  of  the  AREA 
Membership  meeting.  I  extend,  to  all  of  you,  a  cordial  invitation  to  remain.  The  first 
feature  of  this  session  will  be  a  motion  picture  of  a  very  interesting  bridge  replacement 
project  on  the  Southern  Pacific. 

Members  of  the   Communication  and  Signal  Section  are  now  excused. 


AREA  Technical  Session  Convened 

REMARKS   BY  PRESIDENT  LOGGINS 

Will  the  Morning  Technical  Session  of  the  AREA  Membership  meeting  please  come 
to  order.  Having  wisely  kept  our  Association  business  and  publications  on  schedule  by 
holding  our  annual  Business  meeting  in  March,  we  have  no  official  business  to  transact 
at  this  meeting  today,  which  will  be  devoted  entirely  to  special  features  in  the  form 
of  motion  pictures  and  addresses.  The  first  of  these  to  be  presented  will  be  a  motion 
picture  of  the  "Replacement  of  An  Old  Iron  Bridge"  on  the  Southern  Pacific  over  the 
Colorado  River  at  Kingsland,  Tex.,  and  to  introduce  this  film,  I  will  call  upon  the  man 
who  had  direct  supervision  of  the  project ;  a  man  who  has  had  over  30  years  of  ex- 
perience in  varied  and  interesting  construction  projects  and  whose  practical  know-how 
was  largely  responsible  for  the  successful  execution  of  this  unusual  project — my  assistant 
— Mr.  H.  A.  Hunt,  assistant  chief  engineer,  Southern  Pacific  Company,  Texas  and 
Louisiana  Lines.  Mr.  Hunt. 


Showing  of  Motion  Picture — Replacement  of  an  Old 
Iron  Bridge  on  Southern  Pacific 

INTRODUCTORY  REMARKS   BY  MR.  HUNT 

Southern  Pacific  has  prepared  a  movie  of  the  replacement  of  an  old  iron  bridge 
on  one  of  our  branch  lines  in  Central  West  Texas. 

This  bridge  is  not  a  major  structure  when  compared  to  some  of  the  large  bridges 
which  have  been  constructed  throughout  the  United  States.  However,  it  is  the  major 
structure  on  this  branch  line,  and  to  secure  authority  for  expenditure  to  replace  this 
bridge,  it  was  necessary  to  develop  a  plan  which  would  provide  a  satisfactory  replace- 
ment structure  at  the  least  possible  cost.  This  involved  studies  of  several  different 
methods  and  types  of  construction.  The  plan  finally  decided  upon  involved  some  con- 
struction procedures  and  methods  not  usually  employed  in  the  replacement  of  a  rail- 
road bridge,  which  resulted  in  cutting  the  construction  time  almost  in  half  compared 
with  any  other  method  considered  and  reduced  the  cost  approximately  30  percent  below 
any  other  method  considered. 

This  is  a  2S-min  color  film  with  sound  track.  The  narration  generally  explains  the 
construction  procedure. 

Economy,  as  one  of  the  prime  requisites  of  the  project,  was  also  applied  to  the 
movie.  It  is  strictly  an  amateur  production  by  Southern  Pacific  personnel.  The  only 
pros  used  in  making  this  movie  were  those  who  printed  and  processed  the  film. 

We  believe  this  is  one  example  of  "Engineering — A  Tool  for  Profit"  and  we  hope 
that  you  find  it  interesting. 

[The  film  was  then  shown.] 
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"Signs  of  Life" 

By  HAL  H.  HALE 

Assistant    to    Vice    President,    Competitive    Transportation    Division, 
Association    of    American    Railroads 

INTRODUCTORY  REMARKS  BY  PRESIDENT  LOGGINS 

As  all  of  us  here  are  well  aware,  railway-highway  grade  crossing  and  grade  crossing 
protection  problems  are  still  a  matter  of  great  importance  and  concern  to  the  railroads 
— both  from  the  standpoint  of  providing  safety  for  the  public  and  the  operation  of 
trains,  and  the  cost  of  providing  this  safety.  With  the  answers  to  these  matters  of 
concern  still  incomplete,  we  have  asked  our  next  speaker — who  is  well  qualified  to  do  so 
— to  discuss  these  matters,  with  the  hope  of  throwing  additional  light  on  their  solution. 

Our  speaker  is  H.  H.  Hale,  assistant  to  vice  president — Highway  Transportation, 
Association  of  American  Railroads.  Mr.  Hale  is  a  civil  engineering  graduate  of  the 
University  of  Tennessee,  and  to  mention  only  a  few  of  the  many  positions  of  responsi- 
bility he  has  held,  he  was  connected  with  the  City  Engineers'  office  of  Knoxville,  Tenn., 
for  12  years  and  was  city  engineer  of  Knoxville  from  August  1933  until  August  1938, 
when  he  was  made  office  engineer,  Atlantic  District,  Portland  Cement  Association.  In 
November,  1941,  he  became  assistant  to  secretary  and  Washington  representative  of  the 
American  Society  of  Civil  Engineers,  following  which,  he  served  as  executive  secretary 
of  the  American  Association  of  State  Highway  Officials  at  Washington,  D.  C,  for  11 
years.  Since  January  1,  195S,  he  has  been  assistant  to.  vice  president — Highway  Trans- 
portation, Association  of  American  Railroads — in  which  position  he  is  the  chief  con- 
tact man  of  the  Association  with  Federal  and  State  highway  officials  and  with  in- 
dividual railroads  regarding  highway  matters.  He  is  also  the  contact  man  with  the 
Bureau  of  Pubhc  Roads;  the  Highway  Research  Board  of  the  National  Academy  of 
Sciences;  the  American  Association  of  State  Highway  Officials;  and  with  all  other 
agencies  involved  in  state  and  Federal  highway  construction — especially  with  regard  to 
railroad-highway   grade   crossing   separation,   elimination   and   protection. 

For  his  address  this  morning,  Mr.  Hale  has  chosen  the  title  "Signs  of  Life."  I  am 
pleased  to  present  him  to  you  at  this  time — H.  H.  Hale,  assistant  to  vice  president — 
Highway  Transportation,  AAR. 

ADDRESS  BY  MR.  HALE 

Mr.  Chairman,  Gentlemen: 

It  affords  me  considerable  pleasure  to  have  the  opportunity'  to  speak  before  this 
group  on  the  subject  of  railroad-highway  grade  crossings  and  the  general  situation 
of  the  railroads  in  this  matter.  I  have  titled  this  paper  "Signs  of  Life"  for  the  reason 
that  the  subject  matter  is  closely  related  to  the  work  of  the  National  Safety  Council 
committee  on  Motor  Vehicle  Traffic  Safety  at  Railroad  Grade  Crossings.  Many  of  you 
are  familiar  with  this  committee,  which  is  chaired  by  a  very  competent  railroad 
official,  George  M.  Dempsey,  assistant  superintendent  of  safety.  The  Milwaukee  Road. 
The  committee  is  comprised  of  representatives  from  educational  institutions,  public  rela- 
tions groups,  industrial  firms,  and  public  bodies,  police  officers,  highway  users,  and 
school  officials,  and  numerous  other  groups  concerned  with  safety.  Briefly,  the  commit- 
tee objectives  are  to; 
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(1)  Gather  and  study  facts  about  highway-railroad  grade  crossing  accidents. 

(2)  Recommend  action  and  activities  that  the  National  Safety  Council  should 
undertake  to  help  reduce  grade-crossing  accidents. 

(3)  Promote  uniformity  of  state  laws  governing  highway-rail  grade  crossings; 
safer  operations  of  school  buses  at  crossings;  safer  operation  of  all  commer- 
cial vehicles  at  railroad  crossings;  improved  enforcement  of  traffic  laws  and 
better  traffic  engineering  at  railroad  grade  crossings. 

(4)  Promote  the  Signs  of  Life  program  nationally. 

(5)  Report  annually  to  all  agencies  and  interests  involved  in  preventing  railroad 
grade  crossing  accidents. 

It  is  my  privilege  to  be  a  member  of  the  engineering  subcommittee  of  that  group. 
At  a  meeting  of  this  committee  held  in  the  early  summer,  I  was  impressed  with  the 
sincerity,  determination,  and  ability  of  the  more  than  25  members  who  were  present. 
I  commend  to  you  a  study  of  the  work  of  the  committee  and  urge  you  to  support  the 
committee's  undertaking  in  every  possible  way.  It  can  be  a  most  effective  instrument 
for  good  in  this  important  and  highly  publicized  area  of  highway  accidents.  While  the 
accidents  and  fatalities  at  highway-railroad  crossings  are  a  small  part  of  all  highway 
accidents,  they  are  the  ones  that  evoke  the  greatest  publicity  and  severest  criticism  in 
the  press  and  in  the  public  mind.  I  call  to  your  attention  a  statement  in  the  report  of 
ICC  Examiner  Henry  Vinskey,  dated  May  21,  1963,  following  extended  hearings  on 
ICC  Docket  33440.  Mr.  Vinskey  said,  in  part,  "summarizing  the  evidence  in  this  pro- 
ceeding it  is  apparent  that  while  mechanical  difficulties  encountered  by  the  motor 
vehicle  are  the  causes  of  some  of  the  grade-crossing  accidents,  by  far,  the  main  cause 
is  the  failure  of  the  motor-vehicle  operator  to  exercise  due  care  and  caution  or  to  comply 
with  the  existing  laws  or  regulations  in  the  operation  of  his  motor  vehicle." 

Thus  far,  I  have  discussed  the  matter  of  accidents  at  grade  crossings  and  what 
I  consider  to  be  the  very  important  work  of  the  Signs  of  Life  committee.  I  would  now 
like  to  turn  to  the  specific  subject  of  highway-railroad  grade  crossings  and  some  of  the 
problems  they  present  to  our  industry.  I  do  not  like  to  use  a  lot  of  figures  and  statistics 
in  a  presentation  such  as  this;  but  they  are  necessary,  and  I  shall  hold  them  to  the 
minimum.  It  may  seem  something  of  an  anomaly  for  me  to  be  discussing  this  subject 
before  an  experienced  and  informed  group  such  as  yours,  but  I  hope  that  what  I  have 
to  say  will  be  helpful. 

We  have  to  understand  that  there  are  two  categories  of  projects  with  which  we 
must  deal.  First,  those  that  involve  the  expenditure  of  Federal  Aid  funds  on  the  Federal 
Aid  Systems  of  highways  which  now  approximates  some  850,000  miles.  Second,  those 
projects  on  the  non-Federal  Aid  Systems — state,  county  and  urban — which  now  approxi- 
mates 2.6  miUion  miles.  You  are  aware,  of  course,  that  the  methods  of  financing  and 
the  demands  made  upon  the  railroads  in  the  financing  of  these  two  categories  are  quite 
different.  Federal  Aid  funds  are  available  for  construction  only  and  limit  the  railroad 
participation  to  net  benefits — which  net  benefits  cannot  exceed  10  percent.  Non-Federal 
Aid  financing  methods  vary  in  every  state,  and  railroad  participation  in  many  states 
equals  or  exceeds  SO  percent  of  the  construction  cost,  dependent,  of  course,  on  the  stat- 
utes governing.  Information  in  our  files  indicates  that  the  railroad  industry  spends 
annually  four  times  as  much  for  construction  of  grade-separation  structures  on  non- 
Federal  Aid  projects  as  on  Federal  Aid  projects,  and  ten  times  as  much  for  construction 
of  grade-crossing  protection  on  non-Federal  Aid  projects  as  upon  Federal  Aid  projects. 
This  does  not  include  any  expenditure  by  the  railroads  for  the  subsequent  and  ever- 
growing cost  of  maintenance. 
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According  to  ICC  records,  on  December  31,  1961,  there  were  223,735  public  crossings 
at  grade  on  Class  I  line  haul  and  switching  and  terminal  companies.  In  using  the  follow- 
ing figures  I  am  not  able  to  separate  Federal  Aid  and  non-Federal  Aid  categories  since 
the  ICC  statistics  do  not  differentiate.  Of  this  total,  appro.ximately  42,800  are  specially 
protected  by  automatic  devices  (some  with  watchmen),  such  as  flashing  hghts,  gates, 
wigwags  or  audible  and  visible  signals.  On  the  average  there  is  one  public  crossing  at 
grade  for  every  mile  of  railroad  right-of-way  in  the  United  States.  The  net  reduction 
in  crossings  at  grade  during  the  year  1961,  resulting  from  rail  line  abandonment,  reloca- 
tion of  highways,  closing  of  crossings  or  building  of  separations,  was  699.  How  many 
resulted  from  each  of  these  methods  is  not  tabulated.  Such  a  reduction  is  obviously 
encouraging,  but  the  starthng  and  frightening  corollary  is  most  discouraging,  namely, 
that  the  same  ICC  table  shows  that  during  1961,  1158  new  crossings  at  grade  were 
opened.  This  is  a  situation  over  which  our  industry  has  little  control  and  one  which  is 
of  ever  growing  importance,  particularly  in  those  metropolitan  areas  where  we  are 
experiencing  our  severe  population  explosions.  Such  new  crossings  generally  are  opened 
on  orders  of  public  agencies,  such  as  the  various  state  utilities  commissions.  The  ICC 
statistics  cited  show  that,  during  1961,  544  additional  crossings  were  specially  protected 
but,  and  I  repeat,  1158  new  crossings  were  opened.  These  figures  make  very  clear  the 
fact  that  we  are  actually  "progressing  backwards"  in  our  efforts  to  provide  crossing 
protection  devices. 

Data  available  in  our  office  indicate  that  at  the  present  time  our  railroads  are  spend- 
ing annually  for  construction  of  new  separations  and  new  protection  devices  about 
$18,000,000.  This  is  railroad  money,  not  Federal  Aid.  In  addition,  we  estimate  that 
annual  expenditures  for  maintenance  on  protection  devices  alone  now  approximate 
$37,000,000.  Together,  the  construction  and  maintenance  of  such  facilities,  built  and 
maintained  primarily  for  the  safe  and  rapid  movement  of  highway  traffic,  cost  our 
industry  approximately  $54,000,000  annually.  Some  relief  has  been  obtained  in  recent 
years  and  it  is  hoped  that  more  can  be  obtained  in  the  near  future.  North  CaroHna  and 
Virginia  both  presently  contribute  half  of  the  maintenance  costs  on  protection  devices, 
with  certain  exceptions.  In  both  these  states  the  highway  department  is  responsible  for 
all  roads  in  the  state.  Virginia  contributes  50  percent  of  the  maintenance  cost  on  pro- 
tection devices  in  rural  areas  only.  North  Carolina  participates  in  the  same  degree  on 
protection  devices,  the  construction  of  which  involved  state  financing,  in  both  rural 
and  urban  areas.  I  was  informed  recently  that  a  similar  arrangement  had  been  con- 
cluded in  Alabama  and  that  the  matter  had  been  referred  to  the  Attorney  General  for 
a  ruling  on  its  constitutionality.  We  have  not  been  advised  further  on  this.  Nebraska, 
Iowa,  New  Jersey  and  Illinois  also  recognize,  by  statute,  the  railroad  problem  and  have 
accorded  some  relief  on  construction  and/or  maintenance.  Wyoming,  Nevada,  North 
Dakota,  Missouri,  Wisconsin  and  Minnesota  have  recently  adopted  legislation  granting 
more  equitable  treatment  for  the  railroads.  Several  state  legislatures  in  session  during 
1963  considered  legislation  of  this  kind  and  either  failed  to  act  or  declined  to  approve 
changes.  In  my  work  with  the  highway  officials  I  have  constantly  advised  them  that 
they  can  look  forward  to  ever-increasing  efforts  on  the  part  of  the  railroads  to  secure 
relief.  It  is  significant  that,  in  the  Vinskey  report  referred  to  previou.sly,  we  find  the 
following: 

"that  highway  users  are  the  principal  recipients  of  the  benefits  flowing  from  rail-highway 
grade  separations  and  from  special  protection  at  rail-highway  grade  crossings.  For  this 
reason,  the  cost  of  in.stalling  and  maintaining  such  separations  and  protective  devices  is 
a  public  responsibility  and  should  be  financed  with  public  funds  the  .same  as  highway 
traffic  devices." 
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Substantially  the  same  philosophy  was  set  forth  in  a  decision  of  the  U.  S.  Supreme 
Court  in  the  well  known  Nashville,  Chattanooga  &  St.  Louis  Railroad  vs.  Walters,  et  al, 
case,  in   1935 — 28  years  ago. 

To  attempt  to  expound  before  this  group  on  the  serious  financial  problems  con- 
fronting the  railroads  in  the  maintenance  of  the  existing  42,800  protected  crossings  is, 
to  quote  the  hackneyed  expression,  "carrying  coals  to  Newcastle."  It  is  important, 
however,  to  stress  some  of  the  factors  involved. 

May  I  emphasize  that  a  solution  to  this  difficult  situation  must  be  found  at  the 
state  and  local  levels.  Existing  Federal  statutes  and  procedures  limit  the  expenditure  of 
Federal  Aid  highways  funds,  first  to  the  approved  Federal  Aid  Systems  and  second,  to 
construction  only.  Maintenance  is  the  responsibility  of  the  state  and  local  governments, 
and  relief  for  the  railroads,  under  present  conditions  at  least,  must  be  secured  through 
state  and  local  legislative  bodies. 

Those  of  you  who  may  have  read  my  testimony  before  the  Interstate  Commerce 
Commission  in  ICC  Docket  33440  will  recall  that  I  used  $900  a  year  as  a  national 
average  cost  of  maintenance  of  protective  devices.  I  believe  this  to  be  a  reasonable 
figure.  Many  state  railroad  groups  have,  within  recent  years,  attempted  to  secure  a 
more  equitable  arrangement  with  regard  to  such  maintenance  cost  and,  as  I  mentioned 
previously,  some  have  been  successful.  The  Communication  and  Signal  Section,  AAR, 
Committee  8  has  made  a  detailed  study  of  maintenance  costs.  The  report  on  that  study 
showed  an  annual  maintenance  cost  of  $581  for  flashing  lights  only,  and  $1099  for 
flashing  Hghts  with  gates.  We  must  realize,  however,  that  when  the  railroad  representa- 
tives in  any  state  take  the  steps  necessary  to  seek  relief,  one  of  the  first  questions  that 
will  be  asked  by  the  state  and  local  authorities  is  "What  does  it  cost  here?"  Therefore, 
I  believe  that,  while  national  averages  are  of  substantial  value,  costs  will  have  to  be 
developed  in  each  of  the  states  when  such  negotiations  are  undertaken. 

By  negotiation,  the  states  of  Virginia  and  North  Carolina  use  a  figure  of  $550  for 
the  annual  cost  of  flashing  hghts  on  single-track  installations  and  $1000  for  flashing 
lights  and  gates  on  multiple-track  installations.  These  costs  were  developed  and  approved 
by  the  railroads  and  the  state  highway  department.  In  a  study  recently  completed  by 
the  Texas  railroads  for  submission  to  the  state  highway  department,  they  developed 
an  annual  cost  of  $650  for  flashing  lights  on  single  track  and  $1250  for  flashing  lights 
with  gates.  Obviously,  there  will  be  some  differences  in  state  averages.  Summarizing, 
I  can  make  no  stronger  statement  than  to  quote  again  from  the  ICC  Examiner's  find- 
ings and  conclusions:  "*  *  *  the  cost  of  instaUing  and  maintaining  such  separations  and 
protection  devices  is  a  pubUc  responsibility  and  should  be  financed  with  public  funds, 
the  same  as  highway  traffic  devices." 

Now  may  I  turn  to  another  aspect  of  this  problem.  All  of  you,  I  am  sure,  are 
familiar  with  the  AAR  Committee  on  Grade  Crossings.  This  is  a  dedicated,  hard- 
working committee  which,  with  the  approval  of  management,  devotes  considerable  time 
to  working  with  state  highway  departments,  the  American  Association  of  State  Highway 
Officials  and  the  Bureau  of  Public  Roads  on  matters  of  importance  to  all  our  Member 
Roads.  Among  other  activities  is  a  joint  committee  with  the  American  Association  of 
State  Highway  Officials,  comprised  of  the  chairman  and  four  regional  chairmen  of  our 
Grade  Crossing  Committee.  This  joint  committee  meets  annually,  or  on  special  call  if 
necessary,  with  their  counter-parts  among  the  highway  officials.  At  the  annual  meeting 
held  in  Miami,  Fla.,  last  December,  four  projects  were  recommended  and  approved. 
I  list  them  in  order  and  comment  on  the  status  of  each. 
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(1)  The  creation  of  a  Joint  Committee  representing  American  Association  of 
State  Highway  Officials,  Association  of  American  Railroads,  American 
Municipal  Association,  National  Association  of  Counties,  and  National  Asso- 
ciation of  Railroad  and  Utilities  Commissioners  to  consider  the  matter  of 
financing  the  installation  and  maintenance  of  railroad  protective  devices. 

The  five-party  committee  is  being  constituted. 

(2)  The  establishment  of  a  joint  committee  composed  of  representatives  of  the 
AASHO   Committees   on   Right-of-Way  and   on   Legal  Affairs   to  study  air 

rights. 
The  AASHO   Committees  have  the  subject  under  consideration. 

(3)  The  creation  of  a  Joint  Committee  of  A.'VSHO-AAR  to  explore  the  possibil- 
ities of  developing  standard  clauses  for  inclusion  in  construction  agreements 
for  railroad-highway  projects. 

This  committee  is  now  in  the  process  of  formation. 

(4)  The  development  of  a  research  program  on  the  relative  efficiency  of  various 
kinds  of  highway  grade  crossing  protective  devices — to  be  financed  with 
Federal  funds. 

This  program  has  been  activated  under  the  AASHO  National  Research  Program. 
The  Highway  Research  Board,  which  administers  the  program,  has  prepared  a  pros- 
pectus for  the  project  which  has  been  circulated  among  appropriate  individuals  and 
research  organizations  requesting  that  they  submit  an  offer;  $25,000  has  been  earmarked 
for  the  initial  stage  of  the  project. 

Progress  reports  on  all  four  items  will  be  made  at  the  meeting  of  the  AASHO-AAR 
Joint  Committee  at  the  time  of  the  annual  meeting  of  the  highway  officials  in  Portland, 
Ore.,  in  October  of  1963. 

In  this  discussion  I  have  endeavored  to  bring  you  information  that  will  be  helpful 
in  your  individual  problems.  I  am  not  informed  as  to  whether  your  program  permits 
questions  at  the  conclusion  of  my  remarks.  If  it  does,  I  shall  be  happy  to  try  and  answer 
your  questions.  If  it  does  not,  I  shall  select  some  convenient  corner  of  the  room  where 
you  can  gang  up  on  me  after  the  session  is  concluded.  May  I  again  express  my  sincere 
thanks  for  your  courtesy  in  inviting  me  to  be  a  participant  in  this  program. 

(Recess  for  Luncheon) 
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Showing  of  Motion  Picture— New  High-Speed  Tokaido 
Line  of  the  Japanese  National   Railways 

LXTRODUCTORY  REMARKS  BY  VV.  M.  KELLER* 

To  appreciate  a  railroad  system,  it  is  first  desirable  to  know  about  its  territory. 
Geography  and  the  industry  as  well  as  population  are  all  factors  in  the  service  a  rail- 
road performs. 

In  geography,  Japan  consists  primarily  of  four  main  islands,  Hokkaido,  Honshu, 
Shikoku  and  Kyushu,  Honshu  being  by  far  the  largest.  Mountains  traverse  these  four 
islands  from  the  Pacific  Ocean  to  the  Sea  of  Japan.  In  Honshu,  a  range  sometimes 
called  the  Japanese  Alps  is  the  highest ;  south  of  Tokyo  is  the  famed  Mount  Fujiyama 
standing  alone  and  reaching  an  elevation  of  more  than  12,000  ft.  Japan  has  a  topography 
that  provides  waterfalls  and  many  lakes.  The  area  is  so  covered  with  mountains  and 
forests  that  only  about  IS  percent  is  arable  and  less  than  that  under  cultivation. 

The  total  area  of  Japan  is  less  than  that  of  the  State  of  California  and  yet  there 
is  a  population  of  about  90,000,000.  The  railroads  are  both  private  and  national.  The 
national  railroad  system,  known  as  JNR  or  Japanese  National  Railway,  has  over  12,000 
route  miles  of  track.  The  private  Hnes  have  about  5,000  miles. 

The  gage  of  the  track  is  3  ft  6  in  except  for  the  New  Tokaido  Line  which  is 
4  ft  Syi  in,  or  standard  gage. 

The  Japanese  use  railroads  for  passenger  service  to  a  very  high  degree.  In  1960 
over  76  percent  of  passenger  traffic  moved  by  rail  carrier  and  2i  percent  moved  by 
highway.  In  the  U.S.  over  90  percent  of  intercity  passenger  trafilc  moved  by  highway 
in  1960  and  2.6  percent  travelled  by  rail,  almost  the  opposite  of  Japan.  Air  travel 
accounts  for  only  0.1  percent  of  the  passenger  traffic  in  Japan. 

But  in  spite  of  these  figures  the  railroads  do  not  have  a  monopoly  on  passenger 
travel  by  any  means.  These  are  602,000  miles  of  public  highways,  roads  and  streets 
in  Japan  over  which  there  were  34  billion  passenger  miles  of  travel  in  1960.  While  much 
of  this  travel  was  in  carrier  buses,  private  automobiles  accounted  for  .=;.6.=!  billion  pas- 
senger miles  during  that  year. 

Although  JNR  officials  are  confident  that  the  excellent  service  they  are  constantly 
improving  will  hold  the  passenger  to  rail  transport,  they  are  watching  the  highway  com- 
petition with  careful  eyes.  No  doubt  the  commuter  traffic  will  stay  on  railroads  and 
mcrease,  but  there  is  some  concern  about  intercity  travel.  In  1956,  the  division  between 
commuter  and  intercity  traffic  was  63  and  37  percent  respectively,  but  in  1960,  it  was 
65  to  35.  In  1961,  the  division  widened  to  68  percent  commuter  and  32  percent  non- 
commuter.  However,  both  commuter  and  non-commuter  passenger  miles  have  increased 
so  that  the  problem  is  still  how  to  carry  the  passenger  that  wants  to  use  rail  service. 

•Vice    President,    Rcsearcli    Department,    Association    of    American    Railroads. 
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Our  dclof;alion  consisted  of  11  members  headed  by  Chairman  Wah-ath  of  the  ICC. 
The  dclcfration  went  to  Japan  as  the  U.  S.  representatives  of  the  ECAFE  study  group 
on  the  New  Tokaido  Line.  The  New  Tokaido  Line  is  being  built  between  Tokyo  and 
Osaka  to  relieve  congestion  on  the  existing  Tokaido  Line  and  to  speed  up  service.  The 
distance  between  Tokyo  and  Osaka  is  320  miles  via  the  new  line.  A  four-lane  highway 
is  also  being  built  between  thse  same  cities,  but  the  JNR  officials  do  not  believe  that 
the  new  highway  will  change  their  predictions  for  rail  traffic  on  the  new  line. 

The  cost  of  the  new  line  was  originally  estimated  at  $548  million.  This  figure  was 
later  revised  to  $812  miUion  and  this  year  has  again  been  increased  to  a  little  over  a 
bilUon  dollars.  A  large  factor  in  these  increases  is  the  cost  of  acquiring  land.  Land  is 
expensive  in  Japan.  It  is  estimated  that  during  the  first  year  of  operation,  expenses 
will  be  $49  million,  depreciation  $22  million  and  interest  on  debt  $56  million.  Gross 
operating  income  is  estimated  at  $297  million,  leaving  $170  for  debt  retirement.  To  best 
utilize  the  land,  arrangements  were  made  to  elevate  the  tracks  and  at  suitable  locations 
to  use  the  space  below  the  tracks  for  commercial  rentings.  This  is  particularly  true  in 
and  near  the  cities.  Present  plans  are  to  have  the  new  line  in  operation  in  time  for 
the  1964  Olympic  games  which  will  be  held  in  Tokyo. 

Train  schedules  will  be  3  hr  for  the  fastest  trains,  4  hr  for  trains  making  all  10 
intermediate  stops  and  Syi  hr  for  freight  trains. 

There  are  12  major  tunnels  on  the  line  varying  in  length  from  S  mUes  for  the 
longest  to  about  1^  mile  for  the  shortest.  In  addition  there  are  54  short  tunnels  having 
a  total  length  of  13  miles.  The  line  will  be  on  bridges  or  in  tunnels  for  110  miles. 
There  will  be  no  highway  grade  crossings  on  the  Hne  whereas  the  old  line  has  a  thou- 
sand. The  entire  line  is  two  track  and  no  provision  will  be  made  for  reverse  movement. 
No  wayside  signals  will  be  used — only  cab  signals  and  ATC.  The  rail  is  about  105  lb 
per  yd,  is  continuously  welded  and  rests  on  concrete  ties. 

[The  motion  picture  was  then  shown.] 


Restoration  of  Damaged  Bridges 

INTRODUCTORY   REMARKS   BY   PRESIDENT   LOGGINS 

Efficient  operation  of  any  railroad  is  primarily  dependent  on  a  smooth  and  pre- 
dictable flow  of  rail  trafflc.  Any  disruption  or  interference  with  train  operations  is  cause 
for  immediate  concern  and  requires  prompt  corrective  measures. 

Railway  operating  officers  are  familiar  with  traffic  interruptions  due  to  weather  con- 
ditions, mechanical  difficulties  with  power  and  rolling  stock,  and  obstructions  on  and 
damage  to  track  due  to  heavy  rains  or  floods.  While  traffic  delays  due  to  these  causes 
may  be  serious,  they  are  frequently  insignificant  in  comparison  with  disruptions  re- 
sulting from  damage  to  or  loss  of  a  major  railway  bridge,  which  might  result  from 
excessive  stream  flow,  waterway  navigation,  fire,  shifting  loads  on  railway  cars,  over- 
size trucks  and  truck  loads  at  highway  underpasses,  etc. 

On  longer  bridges,  this  may  result  in  complete  cessation  of  rail  operations  if  no 
detour  routes  are  available,   or  lengthy  delays  if  traffic  is  detoured  over  company  or 
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foreign  lines.  The  expense  of  handUng  such  large  tonnages  under  such  conditions  can 
reach  enormous  proportions,  and  thus,  prompt  resumption  of  traffic  is  essential.  Of 
even  greater  significance,  however,  can  be  the  harmful  effect  of  non-delivery  or  late 
delivery  of  consignments  to  the  railway's  customers.  Entire  industries  and  the  national 
security  itself  could   be  affected  by   the  delay   of  vital  shipments. 

Many  railroads  have  had  to  face  the  necessity  of  repairing  damaged  bridges  under 
adverse  conditions  and  at  large  expense,  and  any  number  of  the  railway  bridge  engi- 
neers included  in  the  membership  of  our  Association  could  cite  interesting  examples  of 
this  type  of  work.  However,  with  limited  time  on  our  program,  I  shall  call  on  only 
two  of  our  members — both  bridge  engineers  of  large  railroads. 

One  of  these  men  is  E.  A.  Johnson,  engineer  of  bridges  of  the  Illinois  Central  Rail- 
road. Mr.  Johnson  was  graduated  from  the  University  of  Illinois  in  1922  with  a 
Bachelor  of  Science  degree  in  Civil  Engineering.  He  entered  railway  service  in  the 
Bridge  Department  of  the  IC  in  August  1923  as  a  masonry  inspector,  and  subsequently 
served  in  various  capacities  in  the  bridge  department  until  1952,  when  he  was  promoted 
to  assistant  engineer  of  bridges.  He  was  advanced  to  his  present  position  of  engineer  of 
bridges  in   1955. 

The  other  bridge  engineer  I  want  to  call  on  is  J.  C.  Nichols,  bridge  engineer  of 
the  Louisville  &  Nashville  Railroad.  Mr.  Nichols  received  his  higher  education  at  Iowa 
State  College  and  entered  railroad  service  in  1923  as  a  draftsman  in  the  Bridge  Depart- 
ment of  the  L&N.  Subsequently  he  served  in  various  capacities  in  the  bridge  depart- 
ment until  1943,  when  he  was  promoted  to  assistant  bridge  engineer.  In  1945  he  as- 
sumed the  title  of  associate  bridge  engineer,  and  in  1946  he  was  advanced  to  bridge 
engineer. 

These  two  men  are  especially  well  qualified  to  discuss  the  next  subject  on  our  pro- 
gram— "Restoration  of  Damaged  Bridges",  and  without  further  comment  I  will  turn 
this  microphone  over  to  Elmer  Johnson,  engineer  of  bridges  of  the  Illinois  Central 
Railroad — Mr.  Johnson. 

Restoration  of   Damaged   Bridges — Illinois   Central 

Railroad 

By  E.  A.  JOHNSON 

Engineer   of    Bridges,    Illinois    Central    Railroad 

The  restoration  of  damaged  bridges  could  be  a  very  broad  subject,  but  because 
of  time  Hmitation  my  presentation  will  be  confined  to  emergency  situations  involving 
steel  bridges — steps  to  be  taken  to  obtain  the  necessary  materials,  and  to  organize  equip- 
ment and  men  for  restoration  operations.  Usually,  the  prime  consideration  is  to  close 
the  gap  between   rail  ends,  to  permit  the  resumption  of  traffic  as  quickly  as  possible. 

You,  of  course,  are  all  aware  that  emergency  situations  involving  bridges  can  be 
caused  by  many  things.  Some  of  the  more  common  are  washouts,  burnouts,  derailments, 
runaway  water  craft,  shifted  loads,  etc. 

It  seems  that  these  emergencies  always  occur  at  night,  over  the  week-end  or  on  a 
holiday,  and  usually  at  a  time  when  the  weather  is  most  severe  and  unfavorable.  Fur- 
thermore, it  is  not  unusual  that  the  first  report  you  get  of  damage  is  sketchy  and 
inaccurate.  '       *'  ^  ; 

Although  my  remarks  will  be  directed  principally  toward  steel  bridge  damage 
requiring  emergency  restoration,  many  of  the  questions  I  shall  raise  and  statements 
I  shall  make  pertain  to  other  types  of  structures  as  well. 
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Check  all  information  you  have  on  a  structure  by  reviewing  your  files,  plans  and 
inspection  reports.  Determine  the  dead  load  reactions,  weights  of  individual  members, 
the  type  of  foundations,  etc.  Is  the  bridge  on  rock  or  piling?  If  on  piling,  determine 
the  nature  of  the  underlying  material.  Will  long  piling  be  required,  or  will  minimum 
penetration  be  sufficient. 

As  soon  as  the  pile  lengths  required  have  been  determined,  advise  your  store  or 
purchasing  departments  of  your  needs,  so  that  they  can  check  their  stock.  If  they 
cannot  furnish  exactly  what  is  required,  they  may  be  able  to  furnish  acceptable  substi- 
tutes or  they  may  have  to  arrange  for  purchase.  Second-hand  bridge  timbers  and  ties 
are  usually  available  on  the  division.  These  should  be  loaded  and  shipped  for  use  as 
blocking  or  cribbing. 

Check  the  labor  situation  with  your  division  people.  Do  they  have  a  sufficient 
available  force  or  will  men  have  to  be  moved  in  from  other  locations?  A  whole  line 
steel  bridge  gang  or  gangs  will  normally  be  required.  These  gangs  are  usually  self- 
sufficient  as  far  as  tools  and  equipment  are  concerned. 

These,  and  many  more  questions  can  be  answered,  even  before  knowing  all  of  the 
details  of  the  damage. 

It  is,  of  course,  desirable  to  know  the  degree  or  extent  of  damage  as  early  as  pos- 
sible. If  the  trusses  or  girders  have  been  knocked  off  the  supporting  piers,  or  a  pier 
has  been  washed  out,  will  it  be  possible  to  reclaim  and  re-use  the  old  spans? 

Will  it  be  possible  to  restore  the  steel  on  the  old  piers,  or  will  the  removal  of  the 
old  steel  be  necessary  before  the  opening  can  be  bridged? 

In  the  case  of  a  derailment,  there  are  many  questions,  including  those  I  have  just 
mentioned,  that  cannot  finally  be  resolved  until  the  wreck  is  cleared,  so  that  the  dam- 
aged structure  can  be  inspected.  Furthermore,  quite  often,  work  of  reconstruction  can- 
not be  started  until  the  wreck  has  been  cleared;  but  during  this  period,  you  should  be 
planning  your  method  of  restoration  by  anticipating  the  various  conditions  which 
could  exist. 

My  remarks  are  of  a  general  nature,  whereas  each  emergency  restoration  has  spe- 
cial problems  which  will  test  the  ingenuity  and  resourcefulness  of  the  bridgemen. 

The  method  and  the  permissible  Lime  hmitation  to  restore  a  main-line  or  a  branch- 
line  bridge  could  vary  a  great  deal,  depending  in  a  large  measure  on  the  availability 
of  a  good  detour  route.  A  good  detour  route  may  make  it  possible  to  work  the  men 
only  during  dayight  hours.  The  efficiency  of  labor  at  night  working  under  poor  lighting 
conditions  does  not  approach  that  of  labor  working  during  daylight  hours.  The  quality 
and  quantity  of  work  done   during  daylight  is  vastly  superior  to  that  done  at  night. 

The  cost  of  restoration  is  important.  It  is  just  as  important  to  save  money  in  this 
type  of  an  operation  as  in  any  other.  There  are  many  locations  where  the  cost  of 
detouring  trains,  or  time  lost  in  moving  trains,  is  not  excessive.  At  such  locations,  long 
hours  of  overtime  at  penalty  rates  should  be  held  to  the  minimum. 

The  removal  of  wreckage  is  usually  the  responsibility  of  the  mechanical  department; 
but  it  is  well  to  be  on  hand  during  this  operation  to  see  that  unnecessary  damage  is  not 
done  to  re-usable  bridge  units. 

There  is  not  enough  time  allotcd  to  me  to  go  into  details  of  equipment  require- 
ments, but  when  working  at  night  have  an  electrician  on  the  job  to  see  that  the  gen- 
erators and  Hghting  system  function  at  all  times.  It  is  during  emergency  that  otherwise 
reliable  equipment  develops  trouble. 

I  have  some  slides  that  I  will  now  show  that  I  believe  will  be  of  interest.  They 
will   indicate   specific   action    taken    in    connection    with    the   restoration   of   three   steel 
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bridges.  The  restoration  of  two  bridges  was  necessary  because  of  heavy  damage  caused 
by  derailment;  one  bridge  was  damaged  by  an  excessively  high  load  on  the  highway 
underneath. 

Bridge  W   186-5 

Slide  1 — This  is  the  result  of  a  derailment  which  occurred  at  our  Bridge  W  186-5 
over  Catfish  Creek,  just  west  of  Dubuque,  Iowa,  on  Easter  Sunday,  April  16,  1960.  The 
bridge  was  a  138-ft  through  riveted  truss  with  a  43-ft  through  plate  girder  approach 
span,  the  spans  supported  on  concrete  piers  and  abutments. 

Slide  2  (not  reproduced  herein) — The  43-ft  span  was  pushed  ahead,  with  the 
abutment  end  on  the  ground. 

Slide  3  (not  reproduced  herein) — The  derailment  occurred  about  six-tenths  of  a  mile 
west  of  the  damaged  structure.  The  derailed  car  passed  over  a  70-ft  through-plate- 
girder  span,  causing  only  slight  damage  to  the  ties  and  outer  guard  rail;  but  by  the 
time  it  reached  the  damaged  bridge,  it  was  off  the  track  so  far  that  it  could  not  go 
through  the  portal  of  the  truss. 

Slide  4 — This  is  another  view  of  the  wreck.  It  was  spectacular,  to  say  the  least. 
The  derailed  car  of  the  eastbound  train  forced  both  the  truss  span  and  the  girder  span 
to  the  east  and  dropped  them  off  of  their  west  supports. 

Slide  5 — As  the  wreckage  was  cleared,  the  girder  span  was  picked  up  and  placed 
back  on  the  bridge  seat.  The  girder  flanges  were  badly  bent  and  broken ;  some  of  the 
floorbeams  were  twisted  and  stringer  flanges  were  also  bent  and  broken,  but  with  some 
blocking   the   girder   span   functioned   as   a  platform   from   which   the   wrecker  worked. 

Slide  6 — You  will  note  that  the  wreck  is  concentrated  at  the  west  end  of  the  truss. 
An  early  question  to  resolve  in  a  disaster  of  this  nature  is  the  condition  of  the  displaced 
span.  Will  it  be  found  in  a  condition  to  be  jacked  back  onto  the  bridge  seat  and  to 
continue  to  support  trains? 

Slide  7  (not  reproduced  herein) — It  is  obvious  that  the  end  panels  of  this  truss 
must  be  scrapped,  but  the  east  half  was  not  damaged.  Although  this  was  a  Pratt  truss, 
our  calculations  indicated  that  the  U2L3  members  would  function  satisfactorily  as  end 
posts  for  a  truss  69  ft  long. 

Slide  8 — We  salvaged  re-useable  units  of  the  truss  and  floor  system.  It  is  possible 
that  we  may  have  to  restore  this  truss  some  time  in  the  future. 

Slide  9 — On  account  of  the  wreckage  and  the  position  of  the  stream,  it  was  neces- 
sary to  crib  and  jack  at  the  L2  point.  This  meant  that  we  had  to  lift  two-thirds  of  the 
total  dead  weight,  instead  of  only  one-half,  as  would  have  been  the  case  had  it  been 
possible  to  jack  at  the  end  of  the  truss.  A  sandbag  cofferdam  was  built  at  the  jacking 
location,  the  water  pumped  out,  the  ground  leveled  off  and  the  cribbing  commenced 
on  a  solid  mat  of  second-hand  7-  by  16-in  stringers. 

The  truss  was  jacked  and  blocked  from  the  same  cribbing.  The  foundation  material 
was  not  the  best,  so  at  the  beginning  we  would  run  the  jacks  about  7  or  8  in,  but  gain 
only  3  or  4  in.  in  raise.  While  the  jacking  was  in  progress,  the  wreck  at  the  west  end 
was  cleared,  damaged  truss  members  burned  off  and  four  panels  of  treated  trestle 
installed  as  replacement  for  the  three  panels  of  truss  which  were  lost.  h.  bridge  derrick 
working  from  the  new  trestle  drove  the  pile  pier  for  the  truss. 

Slide  10 — This  is  the  bridge  at  present.  It  is  a  bit  unusual  to  have  a  through  truss 
span  only  68  ft  long.  All  operations  were  around-the-clock.  The  approach  girder  span 
was  replaced  with  three  panels  of  timber  trestle  before  passing  trains.  All  timber  used 
was  treated. 

(Text  continued  on  page  32) 
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Bridge  W  160-9 

Slide  11 — On  the  last  day  of  February  of  this  year,  we  had  a  derailment  east  of 
Galena,  111.,  at  our  bridge  over  the  north  fork  of  the  Galena  River.  This  bridge  is  on  a 
3-deg  curve  and  consisted  of  a  60-ft  through  plate-girder  approach  span  and  a  127-ft 
through  riveted-truss  span  on  concrete  piers  and  abutments.  The  resulting  wreck 
demolished  the  60-ft  girder  span  and  badly  bent  the  end  post,  destroyed  the  end  floor- 
beam  and  put  a  husky  kink  in  the  bottom  chord  of  the  truss  on  the  outside  of  the 
curve. 

Slide  12 — It  is  the  fourth  diesel  unit  that  you  see  wrapped  around  the  end  post. 
The  damaged  end  post  is  of  particular  interest  to  members  of  Committee  IS,  because 
of  its  relation  to  the  testing  of  bent  end  posts  in  the  Truss  Bridge  Research  Project  at 
Northwestern  University. 

Slide  13 — The  third  diesel  unit  was  also  derailed,  but  it  was  dragged  through  the 
truss  doing  only  minor  damage  to  knee  braces,  but  considerable  damage  to  the  ties. 

Slide  14 — You  will  note  that  the  derailed  diesel  laid  the  girder  on  the  outside  of 
the  curve  over  on  its  side  and  tore  it  away  from  the  floor  system,  so  that  a  wrecker 
could  get  to  the  diesel  from  the  girder  end.  The  floor  system  was  blocked  from  the 
ground  and  the  track  blocked  and  leveled  up  above  the  steel  stringers.  After  the  work 
of  the  wrecker  was  completed  at  this  end  and  moved  off  the  girder  span,  the  outside 
girder  was  cut  loose  and  the  floor  system  jacked  to  proper  elevation  and  blocked  from 
the  ground. 

Slide  15 — To  permit  a  wrecker  to  come  in  on  the  truss  from  the  other  direction, 
cribbing  as  shown  was  wedged  under  the  hanger.  With  the  wrecker  in  position  picking 
up  one  end  of  the  derailed  diesel,  the  Ll  floorbeam  reaction  was  about  375,000  lb. 
Under  this  load,  the  end  post  deflected  about  %  in  and  the  blocking  settled  about  this 
same  amount. 

Slide  16 — You  will  note  the  bad  kink  in  the  bottom  chord.  The  chord  is  bent  down- 
ward and  in.  This  chord  being  a  tension  member  and  no  breaks  indicated,  the  kink  was 
not  particularly  disturbing.  The  truss  distortion  was  pivoted  about  the  pinned  shoe 
connection.  The  shoe  bearing  on  the  masonry  remained  in  position  without  even  a  slight 
displacement. 

Slide  17 — It  was  not  until  the  diesel  was  removed  that  the  degree  of  distortion 
in  the  end  post  could  be  measured  with  any  degree  of  accuracy.  The  post  was  bent  out 
in  a  horizontal  direction  about  8  in  and  downward  normal  to  the  slope  about  16  in. 
This  point  of  maximum  bend  was  approximately  6  ft  3  in  above  the  top  of  rail. 

As  you  will  note,  there  are  also  some  local  bends  in  the  individual  components 
of  the  end  post,  but  there  were  no  cracks  or  breaks  in  the  metal  or  loose  rivets. 

Slide  18 — After  removal  of  the  diesel,  a  12-  by  12-in  timber  was  wedged  between 
the  end  post  and  the  Ll  point  similar  to  a  collision  strut. 

Slide  19 — To  the  top,  and  to  one  side  of  the  end  post,  we  lashed  three  llS-lb  rails 
each  as  reinforcement,  but  I  had  permitted  the  movement  of  one  train  across  the  span 
before  this  reinforcement  was  in  place. 

Slide  20 — Subsequently  four  pile  piers  were  placed  in  each  floorbeam  on  the 
damaged-truss  side  of  the  track.  These  acted  as  falsework  when  changing  out  the  end 
post  and  repairing  the  bottom  chord.  The  60-ft  span  was  replaced  with  a  permanent 
open  deck  pile  trestle  as  shown. 

(Text  continued  on  page  40) 
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Slide  20 


Bridge  W  215-1 

Now  I  have  just  a  few  more  slides  on  a  type  of  bridge  damage  that  has  become 
more  prevalent  in  late  years.  A  structure  over  a  highway  that  was  struck  by  a  high  load. 

Slide  21 — This  bridge,  over  U.  S.  20  near  Dyersville,  Iowa,  consisted  of  a  40-ft  deck 
plate-girder  span  on  concrete  abutments.  The  superstructure  was  struck  and  dislodged 
in  the  face  of  a  Chicago-bound  passenger  train  at  2:45  am,  December  16,  1960.  A  kink 
was  put  in  the  track  as  shown,  but  as  there  was  no  break  in  the  rail  the  signals  were 
not  affected. 

Slide  22 — This  is  the  load  that  did  the  damage.  The  original  low-boy  trailer  was 
also  wrecked.  This  picture  was  made  after  the  walking  beam  had  been  reloaded.  The 
roadway  clearance  was  12  ft  9  in.  The  load  was  much  higher. 

Slide  23 — The  west  end  of  the  span  was  knocked  18  in  out  of  line  and  the  east 
end  33  in.  You  will  note  that  the  girder  bearing  is  on  the  very  edge  of  the  bridge  seat. 
The  span  and  track  weighed  about  30  tons  and  the  span  was  tied  down  with  anchor 
bolts.  The  load  hit  the  outside  girder  flange  about  12  ft  4  in  from  the  end  of  the  girder. 
The  flange  angles  and  cover  plates  were  bent  up  sharply,  the  entire  flange  assembly 
twisted  and  the  web  plate  buckled.  Some  of  the  cross  frames  and  lateral  bracing  were 
destroyed. 

Slide  24 — Due  the  alertness  of  a  truck  driver  who  arrived  on  the  scene,  and  who 
had  noted  our  passenger  train  at  the  depot  at  the  first  town  back,  the  train  was  flagged, 
averting  a  possible  catastrophy. 

Our  wrecker  restored  the  span  to  its  proper  bearing  and  traffic  was  restored  at 
restricted  speed.  The  bracing  was  subsequently  replaced,  and  the  girder  flange  repaired 
by  attaching  side  plates  and  heavy  angles  to  the  web  in  a  plane  just  above  the 
original  flange. 
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Restoration    of    Damaged    Bridges — Louisville 
&   Nashville   Railroad 

By  J.  C.  NICHOLS 

Bridge    Engineer,    Louisville    &    Nashville    Railroad 

This  presentation  covers  the  restoration  of  the  Louisville  &  Nashville  Railroad's 
Bridge  188  spanning  the  Tensas  River  16  miles  northeast  of  Mobile,  Ala.,  which  was 
severely  damaged  by  a  derailment  on  the  night  of  Saturday,  April  28,  1962,  and  resulted 
in  blocking  all  rail  traffic  for  10  days. 

Bridge  188,  of  modern  design,  consisted  of  eight  231-ft  single-track  Warren-type 
through-truss  spans  and  one  300-ft  Warren-type  through-truss  swing  span,  founded  on 
concrete  masonry  abutments  and  piers.  It  was  constructed  during  the  years  1927  and 
1928.  Six  of  the  231-ft  spans  were  located  north  of  the  swing  span  and  two  south  of  it. 

A  shifted  load  of  concrete  pipe  on  a  flat  car  located  about  one-third  of  the  distance 
from  the  locomotive  in  a  142-car  fast  freight  train,  headed  south  on  the  main  line  to 
Mobile,  struck  a  signal  tower  near  the  north  end  of  the  bridge,  then  struck  the  end 
post  of  the  first  through-truss  span,  causing  derailment  and  the  piling  up  of  some  40 
cars  in  the  9  steel  spans  and  spilling  several  cars  into  the  river.  Only  6  of  these  cars 
were  empties.  The  estimated  speed  of  the  train  was  approximately  44  mph  when 
derailment  occurred  on  the  bridge. 

A  joint  field  survey  made  by  engineering  forces  from  the  chief  engineer's  and  divi- 
sion offices  revealed  extensive  damage  to  the  entire  structure,  with  particular  concen- 
tration of  damage  to  the  first  three  spans,  as  can  be  seen  in  the  following  slides: 

Slide  1 — End  View  of  North  Truss  Span  1.  It  is  evident  that  the  load  of  concrete 
pipe  which  struck  the  signal  tower  just  north  of  the  bridge  also  hit  the  end  post  of  the 
first  truss  span  and  led  to  the  derailment  and  piling  up  of  cars  throughout  the  length 
of  the  bridge. 

Slide  2 — View  Looking  Along  West  Side  of  Bridge.  Note  that  cars  are  either  piled 
up,  bunched  together  or  shoved  through  truss  members  of  Spans  1,  2  and  3,  with  some 
cars  partly  resting  on  the  bridge  and  partly  in  the  river.  Major  truss  members  of 
span  1  severed  or  badly  damaged,  were  four  hangers,  one  vertical  post,  three  diagonals, 
and  one  collision  strut  on  west  truss;  one  end  post,  one  hanger,  three  vertical  posts, 
and  five  diagonals  on  east  truss.  Floorbeam  brackets  and  vertical  gusset  plates  were 
damaged  at  five  panel  points.  Both  bottom  chords  were  slightly  bent  and  distorted  and 
intermediate  portals  damaged.  All  ties  were  broken  or   badly  damaged. 

Slides  3,  4,  5,  6  and  7 — Close-up  views  showing  damage  to  members  of  west  truss 
of  Span  1. 

Slide  8 — View  of  South  Half  of  Span  1  (East  Side).  Note  severe  damage  to  hangers 
US-L5  and  diagonals  U5-L6. 

Slide  9 — View  Along  East  Side  of  Spans  1  and  2.  Note  damage  to  hangers  U3-L3 
and  post  U4-L4  on  Span  2. 

Slide  10 — View  of  West  Side  of  Spans  2  and  3. 

Span  2:  Floor  system  completely  demolished  between  panel  points  L4  to  L7  and 
bottom  chord  severed  on  west  truss  between  these  same  panel  points.  Members  US-L5, 
US-L6,  U6-L6  and  U7-L7  severed  or  badly  damaged  in  both  trusses.  U3-L3  and  trac- 
tion strut  on  west  truss  span  damaged  All  ties  on  span  broken  or  missing. 

Span  3:  Two  vertical  posts,  two  hangers  and  two  diagonals  damaged  on  west  truss. 
Top  flanges  and  portion  of  webs  on  6  intermediate  floor  beams  bent  southwardly  3  to 


Address    by    Mr.    Nichols 45 

6  in.  All  stringer  laterals  except  those  in  end  panels  bent  and  damaged.  .All  ties  broken. 
This  span  was  knocked  southwardly  3  in. 

Slide  11 — View  of  West  Side  of  Span  2.  Seven  to  nine  cars  piled  up  in  river  and 
tangled  with  demolished  floor  system  between  panel  points  4  and  7.  Note  damaged  truss 
members. 

Slide  12 — View  of  East  Side  of  Spans  2  and  3. 

Span  2:  Two  hangers,  two  vertical  posts,  two  diagonals  and  traction  strut  severed 
or  damaged  on  east  truss.  Bottom  chord  on  east  truss  distorted  and  bent  between 
panel  points  L4  and  L8. 

Span  3:  Note  that  several  cars  were  piled  up  on  this  span.  Two  hangers  and  one 
vertical  post  damaged  on  east  truss. 

Slide  13 — View  of  East  Side  of  Span  2.  Note  damage  to  hangers  U3-L3  and  post 
U4-L4. 

Slide  i4— View  at  Ends  of  Spans  2  and  3  (West  Side).  Note  damage  to  hanger 
U7-L7,  diagonal  U7-L6,  collision  strut  and  bottom  chord  of  west  truss  of  span  2,  also 
damaged  hanger  Ul-Ll   and  post  U2-L2  on  west  truss  of  Span  3. 

Slide  15 — Another  View  at  Ends  of  Spans  2  and  3   (West  Side). 

Slide  16 — View  at  South  End  of  Span  3  (West  Side).  Note  damage  to  hanger  U5-LS. 


Hanger  Ul-Ll,  diagonal  U1-L2,  and  post  U2-L2  on  north  arm  of  east  truss  of 
swing  span  7  were  severely  damaged.  All  ties  on  spans  4,  5,  6  and  three-fourths  of 
those  on  swing  span  7  were  broken  or  badly  damaged  by  derailment.  Communication 
and  signal  lines  were  completely  demolished  from  the  swing  span  to  the  north  shore 
of  the  river. 

HOW  BRIDGE  WAS  RESTORED 

As  a  result  of  this  inspection,  it  was  decided,  in  order  to  handle  rail  traffic,  to 
dismantle  Span  2  and  replace  it  with  a  temporary  timber  trestle,  place  falsework  to 
support  the  floor  systems  on  spans  1  and  3,  and  replace  three  damaged  truss  members 
on  the  swing  span. 

Repairs  were  accomplished  for  the  restoration  of  this  bridge  by  careful  planning 
of  each  step,  as  follows: 

Span  1 

Derailed  cars  were  removed  by  L&N's  on-track  wrecker  and  crane.  Lower  chords 
were  falseworked  to  support  the  floor  system,  using  blocking  from  ground  hne  at  three 
panel  points  and  driving  a  cluster  of  four  piles  spaced  on  4-ft  centers  with  floating 
driver  at  all  other  intermediate  panel  points.  Piles  were  capped  and  falsework  was 
blocked  tight  under  lower  chords  and  floorbeams.  (See  Slide  18).  Ties  and  rail  were 
replaced  as  work  progressed  toward  span  2. 

Spans  8  and  9 

Derailed  cars  were  removed  by  L&N's  on-track  wrecker  and  broken  ties  replaced. 

Span  7 

Damaged  ties  were  replaced  on  the  south  arm  of  the  swing  span.  One  derailed  car 
was  removed  by  L&N's  on-track  wrecker.  Ties  were  replaced  on  north  arm,  using 
on-track  crane.  Panel  points  1  and  2  on  north  arm  of  east  truss  were  falseworked. 
A  cluster  of  four  timber  piles  spaced  on  4-ft  centers  were  driven  with  a  floating  pile 
driver  at  these  panel  points.  Piles  were  capped  and  temporary  blocking  placed  under 
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lower  chord  at  above  points.  This  work  permitted  the  handling  of  heavy  equipment 
over  the  draw  span,  permitted  the  opening  of  the  span  for  passage  of  river  traffic  and 
the  removal  and  replacement  of  three  damaged  truss  members. 

Spans  6,  5  and  4 

All  broken  ties  were  replaced  on  these  spans  up  to  the  derailed  cars  on  the  north 
half  of  span  4,  using  the  on-track  crane.  L&N's  on-track  wrecker  removed  derailed  cars 
on  span  4  and  the  on-track  crane  replaced  remainder  of  ties  up  to  span  3. 

Span  3 

A  cluster  of  four  timber  piles  spaced  on  4-ft  centers  was  driven  at  all  intermediate 
panel  points  with  the  floating  pile  driver.  Because  of  severe  damage  to  all  intermediate 
floorbeams,  eight  8-  by  l6-in  timber  stringers  were  placed  parallel  at  each  intermediate 
floorbeam  with  ends  founded  on  the  pile  clusters,  and  falsework  was  securely  blocked 
under  the  ends  of  all  steel  stringers  and  at  lower  chords.  See  Slide  17  showing  temporary 
falsework  in  place  under  this  span.  Demolished  cars  were  removed  with  floating  equip- 
ment and  derailed  cars  with  L&N's  on-track  wrecker.  All  broken  ties  were  replaced  with 
the  crane  up  to  span  2. 

Span  2 

Work  on  this  span  was  progressed  at  the  same  time  as  on  spans  1  and  3.  A  cluster 
of  four  timber  piles  spaced  on  4-ft  centers  was  driven  at  five  intermediate  points  and 
a  six-pile  cluster  driven  at  another  panel  point  with  the  floating  pile  driver.  Piles  were 
capped  and  falsework  was  blocked  up  securely  under  the  lower  chords  of  both  trusses 
to  stabilize  this  span  while  it  was  being  burned  down.  Large  sections  of  the  trusses  and 
floor  system  were  cut  by  acetylene  torch,  handled  with  a  floating  crane  and  placed  on 
barges.  This  span  was  replaced  with  a  temporary  open-deck  timber  trestle,  using  4  pile 
bents  spaced  on  123/^-ft  centers  with  three  8-  by  16-in  timber  stringers  per  rail.  Piles 
were  driven  with  the  railroad's  on-track  pile  drivers  working  from  each  end  of  span  2, 
and  material  was  handled  from  barges  with  a  floating  crane.  See  Slide  18  showing  this 
temporary  trestle.  Demohshed  cars  and  other  debris  on  this  span  and  in  the  river  were 
removed  with  the  floating  crane  and  placed  on  a  barge.  A  tank  car  containing  sulphur 
dioxide  was  salvaged  from  the  river  at  this  location. 


Certain  equipment  and  personnel  other  than  the  railroad's  were  used  in  removing 
wreckage,  handhng  certain  material,  driving  piles,  and  dismantling  span  2,  as  follows: 

The  Ernest  Construction  Company,  Mobile,  furnished  two  floating  cranes  with 
crews  and  supervisors.  The  cranes  were  used  as  pile  drivers  to  work  with  railroad  forces 
in  driving  piles  and  placing  falsework  for  support  of  damaged  spans,  also  handled 
material  to  the  railroad's  on-track  pile  drivers  in  the  construction  of  the  temporary 
open-deck  timber  trestle  to  replace  span  2.  The  railroad  provided  manpower  from  its 
regular  divi.sion  forces  in  connection  with  pile  driving  and  falsework  installation.  This 
construction  company  furnished  manpower  for  operation  of  its  own  pile  drivers,  tugs 
and  barges. 

The  Atlantic  &  Gulf  Stevedor  Co.,  New  Orleans,  supplied  two  floating  cranes,  each 
with  necessary  crew  and  supervisor,  also  manpower  for  operation  of  its  own  tug,  cranes 
and  barges.  These  floating  cranes  removed  some  30  of  the  derailed  cars  and  other  debris 
from  the  bridge  and  the  river  and  assisted  in  handling  the  large  sections  of  cut-up  steel 
in  the  dismantling  of  span  2. 
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The  American  Bridge  Division  of  the  U.  S.  Steel  Corp.,  supplied  supervision  and 
steel  workers  for  dismantling  span  2  and  the  removal  and  replacement  of  the  three 
damaged  truss  members  of  the  draw  span. 

The  Mobile  Ship  Repair  Company  supplied  the  floating  crane  that  was  u.sed  to 
remove  some  of  the  derailed  cars  from  span  ,^. 

All  temporary  repairs  were  carried  out  by  the  railroad  division  forces  with  head- 
quarters at  Mobile.  Assistance  at  the  supervisory  level  came  from  the  chief  engineer's 
office  at  Louisville. 

The  work  was  organized  into  two  12-hr  shifts  per  day.  Frequent  conferences  were 
held  by  the  railroad's  supervisory  forces  and  representatives  of  the  various  contractors 
to  discuss  the  work  and  the  progressive  steps  to  be  taken. 

To  simplify  the  planning  of  the  work  and  the  recording  of  its  progress,  all  super- 
visory personnel  were  furnished  an  outline  of  the  work  to  be  done,  including  simplified 
drawings  of  each  span.  This  outline  provided  space  to  mark  the  progress  and  to  record 
the  dates  on  which  the  various  items  of  work  were  completed. 

The  rapid  progress  of  the  repairs  which  enabled  the  bridge  to  be  opened  to  traffic 
in  such  a  short  time  was  the  result  of  the  following  favorable  conditions: 

1.  Close  cooperation  between  all  parties  involved  on  the  job. 

2.  Availabihty  of  a  large  emergency  stock  of   timber  material  at  Mobile,  which 
was  moved  on  barges  to  the  bridge  site  for  use  as  required  in  making  repairs. 

3.  Availability  of  good  equipment,  both   from  contractors  and  the  railroad. 

4.  Perfect  weather. 

5.  Sufficient  depth   of  water    (16   to    18   ft)    which   permitted   unrestricted  use  of 
fioating  equipment. 

Other  aids  used  included  a  flood-lighting  system,  walkie-talkies,  numerous  small 
boats  and  a  professional  diver. 

The  bridge  was  opened  for  traffic  at  11:40  pm.  May  8,  1962,  just  10  days  after 
it  had  been  seriously  damaged  by  derailment.  Speed  of  all  trains  was  held  to  10  mph. 

The  damaged  portion  of  this  bridge  was  replaced  with  nine  7S^-ft  single-track 
deck-girder  spans,  founded  on  the  existing  masonry  piers  and  abutment  and  on  six 
new  concrete-pile  piers.  Completion  date  was  August  30,  1963. 

(Slides  shown  by  Mr.  Nichols  are  reproduced  on  following  pages.) 
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Slide  1 — End  view  of  north  truss,  span  1. 


Slide  2 — Looking  along  west  side  of  bridge. 
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Slide  3 


Slide  4 


Slide   5 


Slide  6 


Views  showing  dam- 
age to  west  truss  of 
span   1. 


Slide  7 
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Slide  8 — South  half  of  span  1   (east  side). 


jjlide  9— View  along  east  side  of  spans  1  and  2. 
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Slide  10 — West  side  of  spans  2  and  3. 


Slide  il_West  side  of  span  2. 
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Slide   12 — East  side  of  spans  2  and  3. 


Slide   13 — East  side  of  span  2. 
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Slide   14 — Ends  of  spans  2  and  3  (West  side). 


Slide   15 — Another  view  of  ends  of  spans  2  and  3  (West  side). 
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Slide   16 — South  end  of  span  3   (West  side) 
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The   Engineering   Characteristics   of   Railroads 
as   an   Economic   Factor 

By  W.  W.  HAY 

Professor   of   Railway   Civil    Engineering,    University   of   Illinois 

INTRODUCTORY   REMARKS   BY  PRESIDENT  LOGGINS 

Much  has  been  said  and  written  about  the  relative  economics  of  different  forms  of 
public  transportation —  some  correct,  and  some  grossly  misleading.  We  have  asked 
W.  W.  Hay,  professor  of  railway  civil  engineering  at  the  University  of  Illinois  to 
discuss — as  the  next  feature  on  our  program — "The  Engineering  Characteristics  of 
Railroads  as  an  Economic  Factor." 

Prof.  Hay,  with  a  long  and  impressive  record  of  practical  railroad  experience, 
climaxed  in  more  recent  years  as  an  educator  and  author  of  books  on  railroad  subjects, 
is  particularly  well  qualified  to  do  this.  He  holds  a  Bachelor  of  Science  and  a  Manage- 
ment Engineering  Degree  from  the  Carnegie  Institute  of  Technologj',  and  a  Masters 
Degree  and  Doctor  of  Philosophy  Degree  in  civil  engineering  from  the  University  of 
Illinois. 

Following  graduation  from  Carnegie  Tech  in  1931,  Prof.  Hay  held  various  positions 
in  engineering  and  maintenance  on  the  Pennsylvania,  Long  Island,  Milwaukee,  and 
Pittsburgh  &  Lake  Erie  Railroads,  and  on  the  New  York  City  Independent  Subway 
System.  During  World  War  II,  he  served  with  the  Military  Railway  Service  in  Europe, 
attaining  the  rank  of  major,  and  later,  as  a  major  and  It.  colonel,  he  acted  as  chief 
engineer  of  the  Korean  Railways  and  the  Transportation  Bureau  for  the  U.  S.  Military 
Government  in  Korea. 

Subsequently,  for  a  number  of  years,  he  has  been  actively  engaged  in  railway 
consulting  work  in  a  number  of  foreign  countries  and  has  written  several  books, 
especially  noteworthy  of  which  are  the  one  on  "Railroad  Engineering"  and  a  more 
recent  one  dealing  with  the  basic  principles  and  problems  involved  in  the  operation  of 
all  modes  of  transportation. 

Prof.  Hay,  we  are  pleased  to  have  you  on  the  program  for  this  meeting,  and  I 
am  pleased  to  present  you  at  this  time.  Prof.  Hay. 

ADDRESS  BY  PROF.  HAY 

Success  in  any  business  enterprise,  including  railroading,  is  based  on  the  ability 
to  keep  costs  sufficiently  below  revenues  so  that  a  profit  ensues.  This  is  an  economic 
fact  of  life.  There  are  many  factors — political,  social,  managerial — that  influence  both 
the  revenue  producing  potential  of  a  carrier  and  the  costs  of  providing  that  revenue. 
Basic  to  all  of  these  extraneous  factors,  however,  are  the  technological  characteristics 
of  any  transport,  that  establish  the  primary  cost  and  revenue  capabilities  of  each  mode. 
Because  these  characteristics  fundamentally  affect  the  economic  consequences  of  transport 
operations  these  may   be   referred  to  as  techno-economic  characteristics. 

There  are,  I  am  hopeful,  few  people  in  the  railroad  industry  today  who  do  not 
believe  that  railroads  have  the  potential  to  offer  the  shipping  and  traveling  public  a 
mode  of  transportation  that  excels  in  its  efficiency  and  service.  As  supervisors  and  officers 
of  the  industry,  you  undoubtedly  beheve  that  railroads  have  advantages,  outweighing 
those  of  their  competitors,  that  should,  when  fully  realized  and  exploited,  give  railroads 
a  commanding  position  in  the  transportation  industry.  Perhaps  these  advantages  have 
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not  been  made  known  to  everyone  as  definitely  as  they  should  be.  My  purpose  during 
the  next  few  minutes  is  to  examine  and  spell  out  some  of  these  characteristics  and  tech- 
nological advantages,  noting  their  economic  significance  as  well  as  implications  in  regard 
to  capitalizing  on  these  advantages.  I  must  add  at  this  point  that  in  the  time  allotted, 
I  can  only  touch  on  some  of  the  most  important  highlights  of  the  subject. 

Let  us  initially  consider  what  transportation  is  and  a  few  principles  of  its  operation. 
Transportation  is  first  and  last  the  movement  of  persons  and  goods.  The  mode  by  which 
that  movement  is  conducted  is  merely  a  means  to  an  end.  Railroads  can  only  hope  to 
retain  or  better  their  place  in  the  transportation  scene  if  their  rendering  of  that  service 
of  movement  is  superior. 

Movement  is  transportation's — and  the  railroads' — principal  product.  It  is  highly 
perishable  and  is  lost  forever  if  it  isn't  consumed  as  it  is  produced.  Movement  cannot 
be  stored  in  inventory,  when  demand  slackens,  for  future  sale  when  demand  is  active. 
The  means  for  meeting  peak  demands  must  always  be  on  hand,  nevertheless,  properly 
maintained  and  available.  This  severe  requirement  gives  rise  to  problems  of  peak  load 
capacity  and  indicates  a  secondary  product  that  railroads  must  furnish  in  order  to  make 
movement  available,  i.e.,  capacity.  The  rate  at  which  movement  occurs  and  at  which 
capacity  can  be  provided  introduces  other  dimensions  into  the  operation,  dimensions 
that  pose  technological  problems  and  that  account  for  much  of  the  primary  costs. 

The  transportation  plant  must,  therefore,  be  fully  utilized  or  the  providing  of  it 
will  prove  economically  unsound.  Ideally,  a  load  factor  of  100-percent  is  the  goal.  One 
has  often  had  to  settle  for  considerably  less.  The  problems  of  matching  capacity  with 
demand  and  utilization  can  lead  us  far  afield  in  the  realms  of  systems  research,  cost 
analysis,  and  pricing. 

Optimum  transportation  from  the  standpoint  of  plant  design  and  operation  for  a 
given  range  of  traffic  demand,  is  achieved  through  the  proper  combination  of  four 
factors.  Vehicle  capacity,  motive  power  capacity  and  route  capacity  combined  in  proper 
amounts  with  terminal  capacity  give  that  desired  optimum.  The  values  of  these  principal 
factors  and  the  way  in  which  they  combine  give  the  several  modes  of  transportation 
their  techno-economic  advantages  and  disadvantages.  These  relations  are  shown  in  the 
simplified  diagram  of  Fig.  1. 

.Additional  detail  has  been  omitted  from  the  slide  in  the  interests  of  legibility  but  a 
brief  summary  of  the  next  level  of  relationships  may  be  helpful. 

1..  Propulsive  resistance  is  concerned  with  rolling  and  bearing  friction,  air  and 
wind  resistance,  resistive  effects  of  grades  and  curvature,  and  similar  factors. 

2.  Payload  capacity  relates  to  the  size  of  the  vehicle  or  cargo  container  and  the 
relative  amounts  of  gross  weight  of  the  car,  truck  or  ship  given  over  to  pay- 
load,  power  plant,  fuel  and  to  the  running  gear,  chassis  or  hull  and  super- 
structure. 

3.  The  factor  of  prime  movers  involves  problems  in  fuel  consumption,  thermal 
efficiency  and  of  methods  of  coupling  to  the  driving  wheels  or  propcllors. 

4.  Work-energy  relations  concern  the  horsepower  and  tractive  effort  output  and 
the  matching  load  capacity  or  tonnage  rating.  The  weight  of  the  engine  per 
horsepower  is  a  factor  here. 

5.  Roadway  design  includes  the  geometries  and  the  number  of  routes,  lanes, 
tracks,  or  channels;  also  the  load  sustaining  capacity  of  the  roadway  and 
subgrade. 

6.  Route  location  reflects  the  horizontal  and  vertical  pcsition  of  the  line  in  rela- 
tion to  costs,  traffic  sources,  terrain,  works  of  man,  and  of  motive  power 
capabilities. 
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7.  Operational  control  introduces  the  problems  of  scheduling  and  dispatching, 
and  of  signals,  communications,  navigation  aids,  vehicle  movement  data  collec- 
tion and  processing  and  automation. 

8.  Terminal  functions  include  the  loading,  unloading  and  transferring  of  traffic 
as  well  as  originating,  terminating,  classifying,  and  storing  traffic  and  the 
servicing  and  maintaining  of  vehicles  and  motive  power. 

9.  Terminal  facilities  include  the  location,  coordination  and  operation  of  the 
facilities  that  provide  the  terminal  functions. 

One  can  state,  therefore,  as  another  principle,  that  each  mode  has  peculiar  tech- 
nological and  economic  advantages  and  disadvantages  that  determine  its  particular  util- 
ity or  area  of  economic  use.  These  advantages  are  sometimes  nullified  by  uninformed 
partisan,  or  inept  public  policies  and  legislative  action,  but  we  are  thinking  here  of  the 
inherent  techno-economic  advantages,  not  of  those  made  in  Washington.  The  goal  of 
any  transportation  operator,  in  addition  to  giving  service  to  the  public,  is  to  maximize 
his  profits  and  minimize  his  costs.  One  necessary  step  toward  this  goal  by  the  railroad 
industry  is  to  recognize  and  take  full  advantage  of  the  favorable  characteristics  which 
railroads  possess. 

What  are  the  techno-economic  characteristics  and  inherent  advantages  to  be  thus 
considered  and  how  do  railroads  compare  with  their  competitors  in  these  regards?  Some 
factors  to  be  mentioned  may  seem  obvious  and  commonplace.  One  can  always  gain, 
nevertheless,  additional  insight  by  acquiring  a  new  perspective  on  the  obvious.  I  cite 
the  different  perspective  an  aerial  photograph  costs  on  a  familiar  landscape  as  an 
example. 
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Any  analysis  of  the  type  here  being  undertaken  must  begin  with  propulsive  resist- 
ance. Propulsive  resistance  is  the  impedance  to  forward  motion  encountered  by  every 
craft  or  vehicle.  It  is  inherent  in  all  transportation  and  is  the  reason  for  locomotives 
on  trains  and  engines  in  automobiles.  Depending  on  the  mode,  it  is  variously  called  tire 
rim  or  road  resistance,  drag,  ship  resistance,  or  flow  resistance.  Railroad  engineers  refer 
to  it  as  tractive  or  train  resistance.  The  unit  of  measurement  is  pounds  per  ton  of  total 
vehicle  or  craft  weight,  including  the  weight  of  cargo  or  lading.  Resistance  varies  as 
the  square  of  the  speed  for  all  craft  and  vehicles  because  of  air  or  fluid  resistance.  In 
the  case  of  land  vehicles  it  also  varies  as  the  weight  and  the  speed  and  probably  has  a 
rolling  resistance  component  that  is  constant  for  a  given  combination  of  wheel  and 
track  or  roadway  materials. 

Fig.  2  shows  the  comparative  values  of  propulsive  resistance  for  various  transport 
types.  The  favorable  position  of  the  steel  wheel  on  the  steel  rail  is  evident  and  funda- 
mental. It  accounts  for  much  of  the  railroads'  technological  superiority  including  several 
other  characteristics  to  be  considered  in  a  few  moments.  Obviously  the  less  resistance 
per  ton  being  hauled  the  less  fuel  will  be  required.  This  is  an  advantage  of  the  railroads 
that  cannot  be  overcome  by  trains  on  highways  as  long  as  the  highway  vehicle  is 
designed  with  rubber  tires  rolling  on  pavements  of  the  usual  materials.  The  resistance 
encountered  by  ships  is  low  at  low  speeds  but  becomes  excessively  high  the  moment 
the  speed  rises  above  10  to  IS  miles  per  hour. 

It  should  be  noted  that  unit  vehicle  resistance  decreases  with  an  increase  in  vehicle 
weight.  Thus  a  SO-ton  capacity  car  with  a  gross  weight  of  70  tons  will  have  a  resistance 
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at  40  miles  per  hour  of  6-pounds  per  ton.  A  100-ton  car  with  a  gross  weight  of  125  tons 
will  have  a  resistance  of  only  5. 6-pounds  per  ton  at  the  same  speed. 

Another  characteristic,  one  related  both  to  the  foregoing  and  to  lading  capacity,  is 
the  ratio  of  pay  load  to  tare  or  empty  weight.  It  is  the  tons  of  payload  that  can  be 
hauled  in  a  vehicle  for  each  ton  of  empty  weight  in  the  vehicle's  wheels,  body  and  super- 
structure. One  hesitates  to  show  figures  for  this  factor,  so  rapidly  is  the  technology 
changing  in  all  modes.  The  values  shown  in  Fig.  3  may,  nevertheless,  be  considered 
typical.  Relatively  low  ratios  characterize  conventional  type  vehicles  and  those  in  which 
the  cargo  unit  also  contains  the  power  plant,  as  in  an  airplane  or  truck.  The  highest 
values  are  those  of  special  designs  now  appearing  in  all  modes  of  transport  where  a 
high  ratio  is  indicative  of  improved  and  efficient  design.  In  the  railroad  industry,  the 
100-ton  open  top,  the  Big  John  box  car  and  the  30,000-gal  tank  car  are  examples  of 
efforts  to  capitalize  on  the  possibilities  in  this  relationship. 

A  word  of  warning  must  be  sounded  here.  High  capacity  with  a  favorable  weight - 
load  ratio  is  of  no  value  if  it  is  not  utilized.  In  fact  it  then  becomes  a  detriment 
because  high-capacity  vehicles  are  also  expensive  to  build.  Thus  the  high-capacity  car 
suggests  a  combination  with  some  form  of  incentive  pricing  to  insure  sufficient  traffic 
volume  to  justify  its  use.  This  is  a  principle  that  should  be  recognized  both  by  manage- 
ment and  by  regulatory  authority. 

The  combined  effects  of  the  foregoing  factors  are  found  in  a  third  characteristic, 
the  horsepower-per-net-ton  ratio.  Horsepower  is  the  capacity  to  perform  a  certain 
amount  of  work  per  unit  of  time,  i.e.,  it  is  the  rate  of  doing  work,  usually  taken  as 
550  ft-lb  per  sec.  As  seen  in  Fig.  4,  work  is  force  times  distance,  and  unit  distance 
represents  the  velocity  in  feet  per  second.  Therefore, 

horsepower  =  F  X  i'/550 
or,  expressing  velocity  in  miles  per  hour, 

horsepower  ^  F  X  v/^IS 
F  may  be  taken  either  as  the  force  to  be  overcome,  i.e.,  propulsive  resistance,  or  it  may 
be   the   force   available  to   overcome   resistance,   i.e.,   propulsive  force  or  tractive  effort. 
Railroad  engineers  will  recognize  this  equation  in  the  form  TE  =  308  X  HP/V,  where 
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the  308  term  represents  the  effects  of  approximately  18  percent  mechanical  and  electrical 
losses  between  the  diesel  engine  and  the  driving  wheel  of  diesel-electric  locomotives. 

For  equivalent  speeds,  the  horspower-per-net-ton  ratio  reflects  how  much  motive 
power  capacity  is  being  used  to  move  the  empty  weight  of  the  vehicle  and  how  much 
to  move  payloads.  Thus  a  locomotive  with  an  0.30  to  1.0  horsepower-per-net-ton  ratio 
for  a  train  having  a  payload-to-empty-weight  ratio  of  4.0  to  1.0  must  expend  one  fourth 
of  0.30  hp,  or  0.075  hp  per  ton  to  move  the  empty  weight  of  the  train.  For  a  train 
of  100  cars  having  a  pay-load  weight  of  10,000  tons,  750  hp  are  being  used  simply 
to  move  the  empty  weight  of  the  cars.  If  the  payload-to-empty-load  ratio  were  2.0  to 
1.0,  it  would  have  to  expend  0.15  hp  for  each  ton  of  tare  weight.  In  the  example  just 
given,  1500  hp  would  be  used  in  moving  the  empty  weight  alone.  Therefore,  the  lower 
the  horsepower-per-net-ton  ratio  the  better.  This  example  incidentally  also  shows  the 
favorable  effect  of  cars  designed  to  carry  a  high  payload  in  proportion  to  their 
empty  weight. 

Fig.  5  shows  typical  horsepowers-per-net-ton  for  the  several  modes.  It  also  shows 
the  number  of  v'ehicles  with  separate  motive  power  units  and  crews  required  to  move 
a  given  amount  of  traffic,  in  this  case,  20,000  net  tons.  Railroads  and  waterways  show 
best  in  this  comparison.  The  natural  waterways  where  this  characteristic  may  be  eco- 
nomically realized  are  limited  in  geographic  extent  and  operate  at  slow  speeds.  .Artificial 
and  improved  waterways  exhibit  the  same  characteristic  but  the  public  subsidies  that 
support  their  construction  and  operation  make  this  relation,  for  them,  of  more  than 
questionable  economic  validity. 
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Horsepower  is  a  cost  item,  an  economic  factor.  Larger,  more  complex  prime  movers 
are  required  to  produce  higher  horsepowers  and,  accordingly,  require  more  fuel.  Fuel 
consumption  depends,  in  turn,  upon  the  thermal  efficiency  of  the  motive  power  units. 

Thermal  efficiency  reflects  the  percentage  of  potential  energy  in  a  pound  of  fuel 
that  eventually  finds  its  way  into  useful  transportation  work  by  overcoming  propulsive 
resistance.  A  pound  of  coal  produces  12,000  to  14,000  British  thermal  units  of  heat;  a 
pound  of  fuel  oil  produces  18,000  to  20,000  Btu;  1  Btu  can  produce  778  ft-lb  of  work. 
An  efficient  steam  power  plant  compressed  into  the  frame  of  a  locomotive  and  equipped 
with  a  fire-tube  boiler  will  produce  only  S-  to  8-percent  efficiency  at  the  rim  of  the 
driver.  An  electric  locomotive,  trolley-bus,  or  multiple-unit  rail  car  possess  a  thermal 
efficiency  of  22  to  25  percent.  A  diesel-powered  locomotive,  truck  or  bus  has  23  to  25 
percent.  Propellor  losses  reduce  the  thermal  efficiency  of  a  ship  to  about  12  to  14  percent. 

When  thermal  efficiencies  of  typical  prime  movers  are  combined  through  horsepower- 
per-net  ton  ratios  with  pay  load  to  empty  weight  and  with  propulsive  resistance,  the 
fuel  requirements  for  various  modes  and  services  can  be  determined.  Fig.  6  shows  the 
net  ton  miles  per  gallon  developed  by  various  modes  in  hauling  a  given  quantity  of 
traffic  on  a  level  grade.  The  favorable  position  of  railroads  in  this  regard  is  plainly 
evident,  being  exceeded  only  by  the  bulk  cargo  ship.  In  actual  operations,  the  values 
will  probably  be  less  than  these  computed  data  because  of  variations  in  operating  con- 
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ditions,  energy  in  a  particular  fuel,  skill  of  the  operator,  weather  conditions,  etc.  A  0.5 
percent  grade  will  reduce  these  values  by  about  60  percent  for  land  vehicles. 

The  comparable  number  of  transport  units  required  can  also  be  noted.  Fig.  7  shows 
the  productivity  of  labor  in  terms  of  net  ton  miles  per  crew  man  for  each  mode.  Even 
if  one  assumes  5  men  to  a  crew,  railroads  occupy  a  favored  position. 

Fig.  8  shows  corresponding  fuel  data  for  the  movement  of  people.  Here  is  pictured 
the  fuel  requirements  for  a  typical  large  city  commuter  operation  of  moving  60,000  per- 
sons an  average  distance  of  10  miles.  These  figures  may  be  varied  over  a  rather  wide 
range  depending  on  the  seating  capacity  of  vehicles,  number  of  cars  in  a  train  and 
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whether  or  not  standees  are  included.  Regardless  of  these  differences,  the  trend  is 
unmistakable.  Mass  transit  by  rail  furnishes  the  maximum  fuel  economy  in  moving  large 
numbers  of  people.  The  least  efficient  mode,  the  automobile  with  its  average  occupancy 
of  1.7  persons  per  vehicle,  uses  over  29  times  as  much  fuel  as  does  the  double-decked 
suburban  train. 

Horsepower  may  also  be  reflected  in  speed.  A  measure  of  the  transportation  produc- 
tivity of  a  carrier  and  the  relation  between  payload  capacity  and  speed  are  found  in 
the  net-ton-miles-per-vehicle-hour  figure.  Fig.  9  shows  some  typical  values.  These  are 
neither  maximum  nor  average  values  but  typify  day  by  day  operations.  This  criterion 
may  be  less  favorable  in  an  over-all  evaluation  if  a  vehicle  and  its  contents  are  delayed 
in  making  its  run  in  order  to  accumulate  a  large  load. 

The  efficient  use  of  land  is  a  characteristic  worthy  of  note  in  this  day  of  decreasing 
availability  of  desirable  land.  The  demand  of  pipelines  and  airlines  for  land  is  nominal 
and  limited  primarily  to  terminal  installations.  The  same  is  true  for  natural  waterways. 
Navigation  dams  may,  on  the  contrary,  inundate  hundreds  of  thousands  of  acres.  An 
interesting  comparison  can  be  developed  between  highway  and  railway  transport,  the 
two  prime  users  of  land.  Railroads  normally  utilize  a  30-  to  100-ft  right-of-way.  A  two- 
track  railroad  occupying  a  60-ft  right-of-way  can  reasonably  convey  twenty  SOO-net-ton 
trains  (ten  each  way)  per  hour,  assuming  the  traffic  to  be  available  and  the  terminals 
adequate.  This  is  a  total  of  100,000  net  tons  an  hour.  The  60-ft  right-of-way  involves 
.8  acres  per  mile,  so  that  the  railroad  is  providing  12,500  net  ton  miles  per  acre  per 
mile  per  hour. 

Based  on  the  Bureau  of  Public  Roads  highway  capacity  equivalent  for  ideal  condi- 
tions, the  same  60-ft  right-of-way,  complete  with  two  12 -ft  lanes  and  6-ft  shoulders 
will  permit  movement  of  1000  trucks  per  hour.  If  each  truck  holds  20  tons,  20,000  net 
tons  will  be  moved.  The  production  will  be  5000  net  ton  miles  per  acre  per  hour,  less 
than  half  of  that  estimated  for  the  railroad.   (In  this  situation,  it  should  be  noted  that 
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no  other  vehicles  than  the  1000  trucks  can  be  using  the  highway  during  the  movement 
of  this  amount  of  traffic.  The  actual  highway  output  will  be  considerably  less) . 

By  similar  analysis,  a  two-track  commuter  railroad  using  60  ft  of  right-of-way  can 
move  consistently  5000  persons  per  acre  per  mile  per  hour  under  2-min  headway,  7500 
persons  per  acre  per  mile  per  hour  with  90-sec  headway.  A  highway  of  similar  width 
will  carry  425  persons  per  acre  per  mile  per  hour  in  private  automobiles.  Twelve  12-ft 
lanes  would  be  necessary  to  move  the  traffic  carried  by  rail  with  2-min  headway,  18 
lanes  to  carry  traffic  volume  moved  by  rail  with  90-sec  headway.  This  is  based  on 
carrying  60,000  persons  on  two  tracks.  The  Queensboro  Line  of  the  New  York  Inde- 
pendent Subway  System  carries  as  many  as  60,000  persons  per  hour  on  one  track. 

The  foregoing  relations  have  been  developed  in  as  much  detail  as  time  permits. 
Time  does  not  permit  a  similar  analysis  of  other  factors.  Brief  recognition,  however, 
can  be  given  to  at  least  two  more.  One  of  these  is  safety  and  dependability.  Nothing 
can  be  more  important  to  a  railroad  man.  Inherent  safety  characteristics  may  be  con- 
sidered in  three  aspects,  (1)  guidance,  (2)  susceptibility  to  weather,  and  (3)  privacy 
of  route. 

Undoubtedly  the  safest  type  of  guidance  is  that  offered  by  what  may  be  termed, 
for  want  of  a  better  word,  self-contained  guidance,  as  provided  by  pipelines  and  belt 
conveyors. 

A  close  second  is  the  flanged  wheel  on  a  rail  or  cable  that  characterizes  the  various 
rail  and  cableway  systems.  The  electronic  guidance  of  ships  and  aircraft  is  not  without 
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a  potential  for  error.  Such  craft  must  depend,  furthermore,  on  human  guidance,  with 
all  its  well  known  frailities,  for  take-offs  and  landings  and  for  the  movement  of  ships 
and  tows  in  harbors  and  in  narrow  channels  and  rivers.  One  need  not  dwell  upon  the 
hazards  involved  with  driver  guidance  in  non-commercial  flying  and  on  the  highways. 

Relative  freedom  from  weather  is  again  most  certain  in  pipelines  and  covered  belt 
conveyors,  but  railroads  are  well  ahead  of  ships,  aircraft  and  highway  vehicles.  The 
flanged  wheel  guidance  permits  movement  without  regard  to  visibility,  navigational 
plotting  and  loss  of  course.  It  is  foolish  to  deny  the  difficulties  trains  experience  in  times 
of  floods  or  winter  weather.  Nevertheless,  barring  a  major  disaster  of  weather,  those 
difficulties  are  relatively  nominal  and  seldom  endanger  a  train.  Trains  are  not  grounded 
by  fog  or  storm.  They  are  not  ordered  off  the  highways  by  the  highway  patrols  when- 
ever there  is  a  fall  of  snow  or  icing  conditions.  The  seasonal  advent  on  the  trains  of 
"snowbirds"  is  ample  evidence  of  this  situation.  Trains  do  not  have  to  be  tied  up  during 
the  winter  months  because  the  waterways  are  frozen  over. 

The  third  point,  privacy  of  right-of-way,  may  not  be  entirely  technological  but  it  is 
no  less  a  significant  safety  factor.  Pipelines,  belt  conveyors  and  railroads  own  and  oper- 
ate on  private  roadways.  The  vehicles  moving  over  a  railroad  are  entirely  under  the 
control  of  the  operating  agency,  manned  by  its  own  personnel  and  subject  to  its  own 
rules  and  regulations.  Commercial  air,  water  and  highway  craft  and  vehicles  must  share 
their  roadways  with  a  variety  of  traffic — private,  pleasure,  military — operated  inde- 
pendently with  skilled  or  with  novice  operators  and  subject  to  little  or  no  direct  control. 
The  natural  hazards  are  thus  multiplied  exceedingly. 

Finally,  two  other  obvious  but  important  facts  must  be  noted.  If  a  ship  is  seriously 
damaged,  it  is  likely  to  sink.  If  its  engines  stop  it  may  drift  to  disaster.  An  airplane 
cannot  stay  in  the  air  if  its  engines  fail.  Trains  do  not  face  these  hazards. 

These  several  characterstics  may  appear  simple  and  in  some  case,  almost  too  obvious 
to  merit  mention.  They  are,  nevertheless  of  tremendous  importance.  A  reasonable  ques- 
tion at  this  point  asks  whether  these  favorable  characteristics  find  economic  reflection. 
I  will  not  try  to  prove  my  own  case  by  citing  cost  figures  of  my  own  manufacture. 
The  tabulation,  shown  in  Fig.  10,  of  average  marginal  costs  per  ton  mile  were  not 
computed  by  your  speaker  but  represent  values  that  have  found  general  acceptance. 

Motor  Freight 1.3-2.5  cents  per  net  ton  mile 

Conveyors     1.5  -2.0  cents  per  net  ton  mile 

Railroads    0.7  -1 .0  cents  per  net  ton  mile 

River  Barge  0.2  -0.3  cents  per  net  ton  mile 

Pipeline    0.05-0.20  cents  per  net  ton  mile 

Great  Lakes  Bulk  Cargo  Ships   0.05-0.07  cents  per  net  ton  mile 

Individual  route  or  commodity  costs  may,  of  course,  be  much  lower  or  considerably 
higher  than  these  averages.  Water  transport  offers  economical  carriage  where  nature 
has  already  provided  a  limited  extent  of  usable  waterways,  as  in  the  Great  Lakes  and 
Lower  Mississippi.  The  real  economy,  under  conditions  of  federal  subsidy,  of  roadway, 
locks  and  harbors  is  much  less  than  indicated  above.  PipeHnes  also  show  a  low  cost 
but  they  carry  a  limited  type  of  products  and  their  economy  is  even  now  under  vigor- 
ous and  successful  competitive  attack  by  the  railroads. 

Even  the  advantages  of  natural  waterways  are  likely  to  yield  costwise  to  the  unit 
and  integral  trains  which  can  move  bulk  materials  at  higher  speeds  with  less  propulsive 
resistance  and  with  less  fuel  and  can  do  this  the  year  round.  It  is  also  technically 
feasible   to   bulk   merchandise   and   LCL   shipments   through   the   medium   of  piggyback 
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trailers  and  containers  into  integral  trains  to  obtain  similar  low  costs  by  rail  for  that 
class  of  traffic. 

It  should  be  obvious  that  what  I  have  just  presented  is  only  a  beginning.  These  and 
many  other  characteristics  bear  further  investigation  in  the  light  of  load  factors,  differ- 
ing types  of  commodities,  speeds  and  traffic  densities.  This  brief  review  has  laid  a 
groundwork  that  places  railroads  in  a  commanding  techno-economic  position  with  the 
capability  of  rendering  a  superior  service.  It  must  be  noted  that  railroads  show  best 
in  these  comparisons  when  performing  a  high  volume  service  leading  to  an  equally  high 
load  factor.  A  half-empty  train,  as  has  already  been  noted,  is  wasteful  and  loss-incurring. 
This  suggests  the  need  for  consolidation  and  the  elimination  of  duplicating  facilities  that 
reduce  the  load  factors  for  each  of  the  parallel  lines.  Such  mergers  also  help  to  provide 
the  necessary  capital  and  the  traffic  volume  that  justifies  developing  the  merged  portions 
of  the  lines  to  their  ma.ximum  technological  potential. 

Although  an  optimistic  picture  has  been  presented  of  the  railroads'  technological 
potential,  I  would  not  want  to  leave  the  impression  that  that  favorable  situation  will 
continue  without  further  effort  on  the  part  of  the  railroads.  Other  modes  are  aware 
of  these  relationships  and  are  going  to  maintain  a  continuing  effort  to  improve  their 
own  technology  and  competitive  capabilities.  It  behooves  the  railroads  to  make  use  of 
research  in  all  of  its  aspects  to  retain  and  extend  their  technological  superiority. 

It  is  also  the  responsibility  of  the  railroads  to  take  full  advantage  of  their  favor- 
able characteristics  with  progressive  operating,  pricing  and  selling  policies  so  that  the 
industry  can  retain  its  position  of  leadership  in  the  realm  of  transportaton.  It  is  the 
responsibility  of  public  policy  and  public  action  that  realization  of  these  characteristics 
be  encouraged  and  not  handicapped  by  outmoded  regulatory  and  legislative  policies. 
Railroads  must  once  again  achieve  their  techno-economic  destiny. 
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Engineering   Aspects   of   a   Railroad   Merger 

By  W.  L.  YOUNG 

Chief   Engineer,    Norfolk    &   Western    Railway 

INTRODUCTORY  REMARKS  BY  PRESIDENT  LOGGINS 

The  next  feature  on  our  program  deals  with  a  matter  which  has  come  prominently 
to  the  fore  in  recent  years — and  one  in  which  engineering  and  engineers  play  an  im- 
portant part.  I  refer  to  railway  consolidations. 

To  discuss  this  subject  we  have  called  upon  a  man  whose  railroad  has  recently 
effected  a  most  successful  merger  with  the  Virginian  Railway.  W.  L.  Young,  chief  engi- 
neer, Norfolk  &  Western  Railway,  at  Roanoke,  Va.,  had  a  prominent  part  in  developing 
and  supervising  the  studies  which  led  to  that  consolidation,  and  directed  the  new  con- 
struction and  alterations  necessitated  by  the  merger.  In  addition,  our  speaker  personally 
handled  all  personnel  matters  involved  in  the  consolidation  of  the  Engineering  Depart- 
ments of  the  two  roads,  and  the  real  estate  problems  of  employees  in  all  departments 
arising  out  of  the  sale  of  their  homes  and  transfer  to  other  locations. 

Following  employment  by  two  bridge  companies  from  1919  to  1924,  Mr.  Young 
entered  the  employ  of  the  N&W  as  a  draftsman.  From  October  1930  to  October  1941, 
except  for  three  years  as  resident  engineer,  he  was  crossing  engineer  of  the  railroad, 
following  which  he  became  bridge  engineer,  then  principal  assistant  engineer,  then  assist- 
ant  chief  engineer,  and  in  July   1959,  chief  engineer — the  position  he  now  holds. 

Enviable  as  is  this  record  of  achievement,  Mr.  Young  feels  that  his  principal  claim 
to  fame  is  his  three  sons.  The  oldest  of  these  sons,  Wiltsee — named  after  his  grandfather 
W.  P.  Wiltsee,  former  chief  engineer  of  the  N&W  and  a  past  president  of  the  AREA — is 
a  pediatrician  just  starting  practice  in  Roanoke  after  completing  a  tour  of  duty  in  the 
Air  Force. 

His  second  son,  Lewis,  graduated  from  William  and  Mary  College  and  has  com- 
pleted three  yars  of  post  graduate  work  at  Johns  Hopkins  in  science.  His  youngest 
son,  Neil,  a  graduate  of  the  University  of  Virginia,  has  just  received  his  Masters  Degree, 
and  plans  to  continue  his  education  leading  to  a  Doctors  Degree  in  education. 

Granted,  Mr.  Young  has  a  claim  to  fame  in  his  three  sons,  and  under  other  cir- 
cumstances we  might  have  asked  him  to  address  us  on  some  such  subject  as  "The 
Secret  of  Raising  Successful  Sons."  But,  as  already  documented,  he  also  is  well  qualified 
to  address  us  on  the  subject  chosen  for  this  occasion — "Engineering  Aspects  of  Railway 
Consolidations".  W.  L.  Young,  chief  engineer  of  the  Norfolk  &  Western  Railway,  and 
a  director  of  the  AREA. 

ADDRESS  BY  MR.  YOUNG 

From  an  engineering  standpoint,  the  merger  of  the  Norfolk  &  Western  and  the 
former  Virginian  Railway  was  most  interesting  and,  in  some  respects,  highly  unusual. 
For  example,  we  calculated  that  we  could  save  in  excess  of  $12  million  per  year  after 
a  few  years,  and  this  has  proven  correct. 

The  Norfolk  &  Western-Virginian  merger  had  its  beginnings  early  in  1958  when 
discussions  were  held  by  our  management  with  officials  of  the  Virginian  Railway.  A  deci- 
sion was  reached  that  we  would  undertake  a  study  to  determine  the  advisability  of 
merging  the  two  parallel  lines  into  one  system.  It  was  also  decided  that  the  study  would 
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be  made  with  existing  railway  company  personnel,  supplemented  by  outside  advisers  in 
only  a  few  highly  specialized  phases — principally  financial. 

A  committee  was  formed,  composed  of  representatives  from  all  interested  depart- 
ments and  headed  by  C.  P.  Blair,  now  vice  president-coal  traffic,  for  the  Norfolk  & 
Western.  It  was  decided  that  a  representative  of  our  engineering  department  be  assigned 
to  the  committee  who  would  devote  his  full  time  to  the  study — full  time  in  this  instance 
being  12-hr  a  day  instead  of  the  usual  eight.  Of  course,  he  was  relieved  of  all  normally 
assigned  duties  for  the  time  required  for  the  study.  We  assigned  B.  E.  Grumpier,  assist- 
ant chief  engineer,  to  this  position,  and  he  met  with  the  committee  for  all  general 
discussions  of  the  problems  involved.  In  addition,  he  was  given  the  problem  of  studying, 
and  reporting  to  the  committee,  all  problems  relating  to  the  construction  and  mainte- 
nance and  the  economies  that  could  be  effected  by  the  consolidation  of  the  two  lines. 

He  also  cooperated  with  our  operating  personnel  in  studying  existing  grades  on  the 
two  lines  and  the  economic  justification  of  building  connections  between  the  two  lines 
in  order  to  take  advantage  of  the  most  favorable  grades  of  each  line  in  the  movement 
of  heavy-tonnage  trains  from  the  coal  fields  to  our  terminal  facilities  at  the  Port  of 
Norfolk  and  return  of  empty  hoppers  to  the  mines.  Consideration  was  also  given  to 
the  operation  over  the  merged  system  of  high-speed  time  freights  to  better  serve  the 
operating  area  of  both  lines.  This,  however,  was  a  minor  problem  as  most  of  the  traffic 
and  revenue  of  both  hnes  was  derived  from  coal  movement.  The  problem  of  passenger 
service  consolidation  did  not  arise  as  the  Virginian  operated  no  passenger  trains. 

In  order  for  you  to  understand  the  engineering  problems  to  be  resolved,  I  want  to 
show  you  some  slides. 

Slide  1 — This  shows  the  two  separate  lines  prior  to  the  merger.  Virginian  eastbound 
coal  moved  through  its  yard  at  Princeton,  W.  Va.,  the  highest  point  on  its  line,  while 
N&W  eastbound  coal  was  assembled  to  Bluefield,  highest  point  on  the  N&W  main  trunk 
line.  As  you  can  see,  Princeton  and  Bluefield  are  only  10  miles  apart  and  are  on  the 
same  mountain  range. 

Slide  2 — This  slide  shows  the  comparative  profiles  of  the  two  hnes  from  Bluefield 
and  Princeton  to  Norfolk.  You  will  note  that  on  the  former  Virginian  only  one  adverse 
grade  in  excess  of  0.2  percent  is  encountered.  This  is  the  0.6  percent  grade  just  west 
of  Merrimac,  approaching  Allegheny  Mountain.  On  the  Norfolk  &  Western,  however, 
three  grades  of  0.5  percent  or  more  are  encountered.  The  first  is  1.00  percent  from 
Walton  to  Christiansburg  over  Allegheny  Mountain;  the  second  is  1.2  percent,  just 
east  of  Roanoke  over  Blue  Ridge  Mountain ;  and  the  third,  O.S  percent  just  west  of 
Phoebe. 

The  classification  yards  on  the  original  N&W  were  much  larger  than  those  of  the 
Virginian  and  had  the  capacity  to  handle  the  combined  tonnage  of  the  two  lines.  It  was 
decided  to  provide  the  necessary  connections  between  the  two  lines  at  selected  points 
so  that  all  eastbound  coal  and  time  freight  could  be  moved  over  the  most  favorable 
grades  and,  if  required,  through  the  larger  yards  of  the  original  N&W.  Major  connec- 
tions, therefore,  were  planned  at  Kellysville — N&W  to  Virginian;  west  of  Roanoke — 
Virginian  to  N&W  and  N&W  to  Virginian;  east  of  Roanoke — N&W'  to  Virginian;  and 
at  Abilene — Virginian  to  N&W.  These  connections  permit  maximum  use  of  the  best 
grades  and  yards  and  also  provide  good  detours  for  use  in  case  of  trouble  on  either  line. 

The  study  by  the  committee  indicated  that  savings  in  excess  of  $12  million  per  year 
could  be  effected  within  a  few  years  because  of  the  better  operating  conditions  resulting 
from  more  favorable  grades,  more  efficient  use  of  manpower  of  the  combined  lines  and 
other  factors.  The  study  was  completed  in   time   for  hearings  by  the   ICC   ."Starting  in 
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June   1959,  and  commission  approval  was  given  for  merger  December   1,   1959.  This 
approval   stipulated   certain    conditions   that   were   ample   to   protect   the   rights   of   the 
employees  of  both  lines. 

This  study  was  made  by  employees  and  officers  of  the  Norfolk  &  Western  with 
the  assistance  of  a  few  of  the  Virginian  employees.  The  conclusions  were  so  well  and 
economically  prepared,  and  later  proved  to  be  so  accurate  that  the  same  procedure  was 
used  on  our  later  merger  studies  without  the  use  of  outside  consultants. 

The  several  major  connections  I  have  mentioned  were  started  immediately  upxtn 
approval  of  the  merger  and  were  in  service  in  record  time. 

Slide  3 — This  slide  shows  the  westernmost  connection  built  at  Kellysville,  W.  Va. 
The  connection  crosses  East  River  and  U.  S.  Highway  460.  The  through-plate  girders 
in  the  span  over  the  highway  are  133  ft  long  and  11  ft  deep.  They  weigh  104  tons  each. 

Slide  4 — Here  we  see  one  of  the  connections  west  of  Roanoke.  At  this  point  the 
main  N&W  lines  had  to  be  lowered  about  4  ft  to  get  a  good  grade  on  the  connection. 

Slide  5 — This  shows  the  connection  east  of  Roanoke,  N&W  to  Virginian.  It  is  about 
8057  feet  long  and  has  two  bridges  over  Tinker  Creek  as  well  as  one  over  a  city  street 
that  is  part  of  State  Route  24. 

Slide  6 — The  relatively  simple  connection  at  Abilene  is  shown  here. 

All  construction  needed,  including  the  extension  of  ten  passing  sidings  on  the  former 
Virginian,  were  completed  on  schedule,  and  in  each  case  the  cost  has  been  justified  and 
the  soundness  of  the   original  merger  study  plan  proved. 

Slide  7 — This  slide  shows  that  we  were  able  to  increase  our  net  income  by  $101 
million  after  the  merger,  even  though  our  operating  revenues  were  somewhat  less. 

Aside  from  the  physical  consolidation  of  the  two  lines,  the  matter  of  absorbing 
the  former  Virginian  personnel  into  the  merged  company  was  one  of  the  most  important 
projects.  All  persons  who  were  in  the  employ  of  the  Virginian  prior  to  the  merger  fell 
into   one  of  the  following  categories: 

1.  If  the  employee  was  not  offered  a  position  comparable  to  the  position  held 
prior  to  merger,  he  was  offered  four  years'  salary  in  full  settlement. 

2.  If  the  employee  was  offered  a  comparable  position  but  chose  not  to  accept  it, 
he  was  paid  one  year's  salary. 

3.  If  the  employee  was  offered  a  comparable  position  and  accepted  and  was 
required  to  move  his  residence  as  a  result,  we  paid  his  moving  expenses  and 
guaranteed  him  a   fair  sale  price  for  his  former  residence,   if  he  owned  one. 

The  engineering  department  was  assigned  the  duty  of  adjusting  the  losses  sustained 
by  the  sale  of  residences  by  employees  of  all  departments. 

Prior  to  merger,  the  engineering  department  of  the  Virginian  Railway  had  only 
32  employees,  which  does  not  include  the  on-line  maintenance  of  way  employees. 
Of   these,   32   employees: 

4  elected  to  retire  and  accept  pensions, 

1  resigned, 

8  who  were  offered  positions  in  Roanoke  elected  to  obtain  other  employment  in 
Norfolk  and  were  paid  one  year's  salary  as  severance  pay,  and 

2  transferred   to   another   department   of  our   company. 

The  remaining  17  were  employed  at  Roanoke  in  our  engineering  department  in 
comparable  positions.  This  left  us  slightly  overstaffed,  but  attrition  has  already  reduced 
the  number  of  employees  below  our  requirements. 

Text  continued  on  page  77) 
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COMPARATIVE  FINANCIAL  FIGURES 


PREMERGER  1958 


OPERATING  REVENUES  $253.7  MILLION 

NET  INCOME  SUA  MILLION 


POST  MERGER  1962 


OPERATING  REVENUES  $250.0  MILLION 

NET  INCOME  $65.4  MILLION 


Slide  7 


The  adjustments  of  losses  incurred  in  the  sale  of  residences  of  the  former  Virginian 
employees  transferred  to  new  locations  on  the  merged  system  was  also  assigned  to  the 
engineering  department. 

In   each   case   we   had   the  value   of   the   properties  determined  by   licensed  local 
appraisers.  We  then  asked  the  employee  to   place  the  property  on  the  market  for  sale 
at  the  appraised  value  or  higher,  and  to  submit  to  us  for  comment,  or  approval,  all 
offers  received. 

We  were  submitted  some  ridiculously  low  offers  which  were  refused,  but  within 
a  reasonable  time  received  fair  offers  for  practically  all  of  the  properties,  usually  a  little 
lower  than  the  appraisal.  We  then  authorized  sale  and  reimbursed  the  employee  (owner) 
for  the  difference  between  the  appraised  value  and  the  net  amount  received  by  the 
seller. 

It  is  my  opinion  that  most  employees  were  satisfied  with  the  amount  of  the 
adjustments  since  no  cases  were  arbitrated  by  others,  as  provided  in  the  agreement 
with  the  employees,  if  they  were  dissatisfied  with  the  adjustments  made. 

Most  of  the  former  Virginian  employees  are  now  acclimated.  They  now  consider 
themselves  a  part  of  our  organization  and  seldom  refer  to  "The  Old  Virginian  Railway." 
They  stopped  using  this  phrase  before  we   did  and  sometimes  now  correct  us  when 
we  refer  to  "The  Old  Virginian". 

Finally,  I  would  Hke  to  cite  one  additional  result  of  the  merger  which  I  mentioned 
earlier — the  construction  of  X&W  Coal  Pier  6  at  Lamberts  Point  at  Norfolk.  Prior  to 
the  merger,  the  Virginian  dumped  waterborne  coal  over  its  pier  at  Sewells  Point  at 
Norfolk,  about  eight  miles  by  connecting  lines  from  the  N&W's  Lamberts  Point  facil- 
ities. The  N&W  dumped  its  coal  over  two  piers,  Numbers  4  and  S.  The  augmented  coal 
reserves  gained  through  the  merger  of  the  Virginian  and  the  economic  necessity  of  con- 
centrating all  dumping  of  waterborne  coal  at  one  installation  led  to  the  decision  to 
construct  Coal  Pier  6.  This  decision  was  reached  only  after  careful  examination  of  the 
possibility  of  improving  the  dumping  rate  at  the  existing  piers. 
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As  originally  planned,  Pier  6  would  have  had  one  large  loading  tower  capable  of 
dumping  8000  tons  of  coal  an  hour.  This  tower  would  be  self-propelled,  operated  by 
one  man  and  fed  by  a  conveyor  belt  system  from  a  tandem  dumper.  Construction  began 
in  the  fall  of  1961  by  the  McDowcll-Wellman  Engineering  Company  of  Cleveland. 
After  work  had  been  underway  for  about  a  year,  the  decision  was  made  to  add  a  sec- 
ond, identical  tower  to  the  pier,  doubling  its  capacity.  This  required  the  addition  of  a 
complete  new  supporting  system — alterations  to  the  Barney  Yard  and  installation  of  a 
second  set  of  scales,  twin  dumpers  and  conveyor  belt  system.  This  supplementary  con- 
struction was  completed  on  schedule  and  did  not  materially  affect  the  work  on  the  first 
tower  or  its  operation. 

Aside  from  doubling  the  capacity  of  the  pier,  the  installation  of  the  second  tower 
and  its  supporting  facilities  allowed  a  great  flexibility  of  operation  and  permitted  us 
to  construct  a  custom  blending  station  beneath  the  dumpers  where  as  many  as  four 
different  types  of  coal  can  be  blended.  This  blending  operation  is  controlled  from  a 
push-button  panel,  and  a  ratio  range  of  7-1  is  possible  by  varying  the  rate  of  flow 
onto  the  belts  or  adjusting  the  speed  of  the  shuttle  conveyors  to  the  main  transfer  belt. 
This  operation  is  most  interesting  and  if  you  would  like  more  information,  I  have  some 
material  with  me  which  will  explain  it  fully. 

This  new  pier  which  we  dedicated  last  month  is  the  largest  and  fastest  coal-loading 
facility  in  the  world.  It  has  a  sustained  rate  of  16,000  tons  per  hour  and  a  maximum 
rate  of  20,000  tons  per  hour  for  brief  periods.  Since  the  towers  are  self-propelled,  they 
are  able  to  load  two  vessels  at  once  or  be  concentrated  on  a  single  ship. 

Slide  8 — This  shows  one  of  the  towers  in  operation.  It  is  192  ft  high,  or  about  the 
height  of  a  1 7-story  building.  The  loading  boom  projects  out  120  ft  in  order  to  service 
the  largest  colliers,  and  the  telescopic  chute  (Slide  9)  leading  downward  is  extremely 
flexible  and  able  to  load  coal  with  a  minimum  of  degradation.  This  entire  tower  is 
controlled  by  one  man  in  the  small  cab  just  beneath  the  loading  boom.  Each  tower 
weighs  2800  tons  and  travels  on  96  wheels. 

From  an  engineering  standpoint,  there  have  been  so  many  unusual  problems  and 
solutions  that  I  do  not  have  time  to  even  mention  all  of  them. 

The  size  and  unprecedented  capacity  of  Pier  6  meant  that  we  would  have  to  increase 
our  car  storage  and  immediate  supporting  yard  capacities  substantially.  One  of  the  new 
SO,000-ton  super  colliers,  for  example,  will  take  on  more  than  700  carloads  of  coal  in 
a  single  cargo.  As  now  arranged,  our  yards  at  Norfolk  can  hold  21,400  hopper  cars  on 
241  miles  of  track.  In  addition  to  this  expansion  of  our  facilities,  we  also  constructed 
a  $1  million  car  repair  shop  immediately  behind  our  empty  yard  at  Lamberts  Point, 
the  only  one  of  its  type  in  the  country. 

In  closing,  I  want  to  emphasize  that  the  construction  of  this  pier  would  have  been 
most  difficult  to  justify  if  it  had  not  been  for  the  merger  of  the  N&W  and  the  Virginian. 

This  merger  has  proven  successful  in  every  respect,  especially  from  the  standpoint 
of  engineering.  As  you  know,  we  are  looking  forward  to  another  merger,  pending 
approval  by  the  Interstate  Commerce  Commi.ssion. 
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Air  Rights  Developments — the  Engineer's  Viewpoint 

By  H.  J.  McNALLY 

Chief  Engineer,   New  York   Improvements,   Pennsylvania   Railroad 

INTRODUCTORY  REMARKS  BY  PRESIDENT  LOGGINS 

We  now  come  to  the  final  feature  on  our  program,  which  deals  with  a  subject  of 
increasing  importance  on  many  railroads — Air  Rights  Developments — and  to  discuss  it 
we  have  called  upon  one  of  our  members  who  is  presently  deeply  involved  in  a  huge 
air  rights  development  project  on  his  railroad.  I  refer  to  H.  J.  McNally,  chief  engineer 
— New  York  Improvements,  Pennsylvania  Railroad. 

Mr.  McNally  was  graduated  from  Lehigh  University  in  1937  with  a  Bachelor  of 
Science  Degree  in  Civil  Engineering,  and  entered  railway  service  with  the  Pennsylvania 
in  that  year  in  the  maintenance  of  way  and  structures  department  at  Wilmington,  Del., 
later  being  transferred  successively  to  Downingtown  and  Sudbury,  Pa.;  Aliance,  Ohio; 
Greenville,  111.;  New  Brunswick,  N.  J.;  Williamsport,  Pa.;  New  York  City;  and  Chicago. 
During  1952  and  1953  he  was  engineer  maintenance  of  way  of  the  Washington  Terminal 
Company ;  for  five  years  he  was  regional  engineer  at  New  York ;  then  area  engineer 
of  his  railroad  at  Chicago.  On  September  16,  1961,  he  assumed  his  present  position  of 
chief  engineer — New  York  Improvements. 

He  has  general  supervision  over  the  outside  architects,  engineers  and  contractors 
employed  to  develop  plans  and  to  construct  the  redeveloped  Pennsylvania  Railroad  sta- 
tion in  New  York  City,  and  will  protect  the  railroad's  interest  in  the  development  of 
air  rights  above  that  station — no  small  responsibility. 

Mr.  McNally  will  talk  to  us  on  "Air  Rights  Developments — The  Engineer's  View- 
point." Mr.  McNally. 

ADDRESS  BY  MR.  McNALLY 

In  the  current  issue  of  Fortune  Magazine,  real  estate  land  markets  are  discussed 
and,  among  other  interesting  thoughts,  the  writer  points  out  that  average  United  States 
land  prices  have  tripled  since  1935  and  that,  in  many  instances,  values  have  multiplied 
20  to  30  times.  Land  values  up  to  $214  per  sq  ft  were  illustrated.  Now  there  isn't  very 
much  land  in  these  United  States  with  a  value  of  $214  per  sq  ft,  but  there  are  many 
pieces  of  land  used  for  railroad  purposes  which  could  be  covered  with  a  usable  slab, 
providing  for  additional  purposes,  and  thus  produce  considerable  income  for  our  com- 
panies. The  work  to  provide  a  cover  could  be  done  at  a  cost  within  the  value  of  ad- 
jacent bare  land.  Any  additional  value  remaining  after  a  slab  or  cover  is  provided  will 
produce  additional  income  for  our  companies. 

With  the  amount  of  land  the  railroads  own,  or  control,  in  the  United  States,  each 
time  we  increase  the  average  value  of  each  lineal  foot  of  line  a  dollar,  and  we  put  this 
land  to  work  for  other  than  railroad  transportation  purposes,  we  can  increase  the  return 
from  land  only  for  our  companies  as  a  group  by  a  tidy  sum  of  40  to  SO  million  dollars 
per  year.  This  thought  considers  all  potential  uses;  developing  air  rights  is  just  one  of 
these. 

As  an  example,  lets  say  it  costs  $8  a  sq  ft  more  to  construct  a  floor,  and  necessary 
foundations,  25  ft  above  track  level  than  it  would  at  ground  level.  Then,  any  property 
valued  above  that  figure  will  produce  a  return  for  the  railroad.  There  are  locations 
where  the  costs  would  be  higher  and  there  are  locations  where  the  costs  would  be 
lower. 
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However,  this  is  the  place  where  the  engineer's  viewpoint  plays  an  important  part. 

It  behooves  all  of  us  to  help  devise  ways  and  means  to  increase  the  use  of  rail- 
road lands — air  rights  development  being  one  way.  Thus,  efficient  design  and  con- 
struction methods  must  be  provided.  We,  as  engineers,  can  assist  in  this  endeavor.  The 
engineer's  viewpoint  here  has  value.  Every  dollar  of  value  we  can  devise  in  plans  and 
efficient  work  methods  can  be  sold  by  our  friends  handling  real  estate. 

Too  often,  in  talking  to  friends  in  the  railroad  industry,  I  find  we  are  talking  about 
what  sounds  like  two  different  kinds  of  money.  This  shouldn't  be  the  case  because  if 
we  have  money  in  a  project,  whether  it  be  railroad  money  or  someone  elses,  the  next 
time,  perhaps,  your  railroad  will  have  a  parcel  of  land  to  dispose  of  with  increased 
value. 

Take  the  matter  of  planning — usually  we  set  the  basic  specification  the  architect 
or  structural  engineer  uses  while  they  solve  their  problems.  These  fellows  may  be  very 
competent  in  their  fieM.  We  may  specify  certain  clearances  on  existing  tracks.  The  de- 
signer plans  the  proposed  structure  around  them.  However,  the  structure  may  involve 
the  expenditure  of  many  extra  thousands  of  dollars  which  might  be  saved  by  spending 
a  few  hundred  dollars  to  move  a  track  which  may  change  the  entire  problem  as  far 
as  the  proposed  structure  is  concerned  but  may  have  little,  if  any,  effect  on  the  train 
movements. 

When  I  see  some  of  the  solutions  a  qualified  structural  engineer  or  architect  have  to 
a  problem  it  reminds  me  of  a  fellow  doing  his  own  brick  laying  at  home,  as  related  to 
how  a  skilled  workman  would  perform.  That  fellow  may  know  all  the  basic  rules  to 
follow  but  the  labor  involved  to  get  an  answer  may  be  10  to  20  times  that  required  by 
the  pro,  and  the  end  result  is  usually  poorer. 

Now  a  short  report  on  the  progress  of  the  project  I  am  directly  entangled  with  at 
the  moment — the  redevelopment  of  Pennsylvania  Station  in  New  York  City..  A  year 
and  a  half  ago,  at  the  March  1962  AREA  convention,  I  felt  sure  the  physical  work 
incident  to  this  project  would  start  by  last  fall.  With  problems  involving  artists  and 
architects  of  the  historical  building  preservation  groups  and  the  fact  that  a  large  po- 
tential tenant  was  lost,  requiring  an  overall  change  in  plans  and  procedures  and  the 
application  of  borrowed  money  by  the  Madison  Square  Garden  group,  who  are  develop- 
ing the  air  rights,  an  extra  year  has  slipped  by.  We  are  now  starting  a  program  of 
work  which  will  carry  into  1967  and  require  an  overall  expenditure  of  about  $125  million 
dollars.  The  picture  of  Pennsylvania  Station,  New  York,  as  many  of  you  know  it, 
will  change  in  its  entirety.  Shortly  I  will  show  you  a  picture  of  a  model  showing  the 
structure  to  be  built  above  street  level.  There  will  be  considerable  change  in  the  Station 
facility  below  street  level.  You  must  keep  in  mind  that  the  present  Station  was  built 
when  most  people  traveled  to  and  from  the  Station  by  horse  and  buggy  or  walked. 
No  thoughts  were  given  to  air  conditioning  and  electricity  was  little  used.  The  rede- 
veloped station  plans  will  provide  considerable  more  comfort  and  convenience  for  the 
public  and  will  improve  the  efficiency  of  many  of  the  station  functions.  There  will  be  no 
basic  change  in  the  track  arrangement.  There  will  be  .some  lining  of  tracks  and  a  few 
short  pieces  of  track  will  be  removed  to  provide  space  for  some  of  the  .SOO  new 
columns.  The  entire  project  will  use  some  60,000  tons  of  steel  and  90,000  yards  of 
concrete. 

Now  I  shall  show  you  a  half  dozen  slides.  First  there  are  some  showing  a  few  of 
the  latest  air  rights  developments  in  the  Philadelphia  area  and  these  will  be  followed 
by  home  views  at  New  York. 

SUde  1  (not  reproduced  herein)— IBM  Building,  17th  &  Market  Streets,  Philadel- 
phia, Pa. 
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This  building  is  one  of  two  being  built  over  the  Suburban  Station  below  ground 
level.  Construction  is  now  out  of  the  ground  and  .should  be  completed  next  year. 
.Approximately  280,000  sq  ft  of  office  space  is  being  provided  in  each  building.  The 
building  shown  on  the  right  in  this  view  is  the  Pennsylvania  Railroad  system  head- 
quarters at  6  Penn  Center  Plaza. 

Slide  2   (not  reproduced  herein) — Penn  Tower  Apartments. 

This  building,  over  the  tracks  in  the  center  of  the  picture,  was  finished  in  the 
last  three  months.  It  has  518  apartment  units  and  the  first  four  floors  have  105,000  sq 
ft  of  office  space.  There  are  three  large  buildings  in  a  line,  over  the  tracks,  in  this 
location.  The  Penn  Sheraton  Hotel  is  directly  behind  this  building  and  the  Suburban 
Station  Building,  which  originally  housed  our  system  headquarters  offices,  is  behind  the 
hotel. 

Slide  3  (not  reproduced  herein) — This  is  another  view,  a  little  closer,  which  also 
shows  some  of  the  new  Philadelphia  suburban  equipment  in  the  foreground. 

Slide  4    (not   reproduced  herein) — Section   of  Proposed  Stadium  in  Philadelphia. 

This  will  be  located  just  north  of  30th  Street  Station  in  Philadelphia  on  an  18  acre 
plot  west  of  the  Schuylkill  Expressway.  The  playing  field  will  be  on  the  second  level 
above  the  tracks,  which  are  at  the  lowest  level  shown  on  this  slide. 

The  stadium  is  to  be  built  for  outdoor  sports,  principally  football  and  baseball.  Some 
thought  will  be  given  to  future  cover,  but  this  structure  will  not  be  incorporated  in 
the  proposed  construction.  The  stadium  will  hold  60,000  people  and  provide  for  the 
parking  of  3,250  automobiles.  This  project  is  still  in  the  talking  stage. 

Slide  S — Pennsylvania  Station,  New  York  City. 

Now,  two  slides  showing  the  redevelopment  at  Pennsylvania  Station  in  New  York. 
Slide  5  is  a  longitudinal  section  showing  the  various  levels  and  their  relationship  with 
each  other.  Start  your  eye  on  the  right  at  street  level.  At  this  point  people  will  move 
down  one  level,  via  moving  stairs,  to  an  arcade  which  leads  to  the  ticket  concourse  at 
the  center  of  the  sketch.  An  entrance  off  to  the  right  in  this  arcade,  leading  down  to 
the  Long  Island  concourse,  will  be  available.  To  the  left  of  the  ticket  concourse  is  the 
train  concourse  and,  below  that,  the  exit  concourse.  The  lowest  level  shown  is  the 
track  level.  Above  the  ticket  and  train  concourses  is  the  building  you  will  see  above 
street  level.  The  center  of  the  building  will  house  the  truck  dock  for  use  in  connection 
with  the  railroad  baggage  operation.  To  the  left  of  that  is  shown  a  small  arena  to 
seat  4,000  people  at  boxing  matches,  basketball  games  and  other  similar  events,  paying 
special  attention  to  TV.  Above  the  truck  dock  are  42  bowling  alleys  and,  at  the  top, 
is  shown  a  22,000  seat  arena  to  handle  such  events  as  hockey,  circuses  and  the  ice 
show.  This  arena  will  also  be  available  for  conventions  and  events  requiring  similar 
space.  There  will  also  be  a  small  theatre  and  a  sports  art  gallery,  along  with  the  usual 
club  rooms,  restaurants  and  similar  services.  There  is  not  an  arena  type  building  in 
the  world  which  can  compare  with  its  potentialities.  It  is  a  really  exciting  project.  The 
Madison   Square   Garden   people  are  the  developers. 

In  the  preparation  of  plans  for  this  project  the  architect  had  a  rather  interesting 
time  in  making  the  elevation  of  the  areas  handling  various  functions,  as  related  to 
street  level,  properly  mesh.  In  the  9  acre  plot  there  is  a  maximum  difference  in  curb 
elevations  of  better  than  8  ft.  The  first  main  fioor  level  of  the  station  below  street 
level  is  fairly  constant  but  is  as  httle  as  8  ft  and  as  much  as  18  ft  below  curb  level. 
Basically,  we  set  the  clear  ceiling  height  at  15  ft  in  all  public  areas  in  and  adjacent  to 
the  train  and  ticket  concourses.  All  service  areas,  concession  areas,  etc.,  were  to  have  9 
ft  clear  ceiling  height.  Generally,  we  were  able  to  adhere  to  these  figures.  There  will  be 
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three  locations  in  the  public  passageways  where  we  will  have  a  9  ft  ceiling,  these  being 
where  taxis  and  trucks  are  handled  overhead.  In  the  ticket  concourse  we  were  able  to 
raise  the  IS  ft  minimum  so  that  the  larger  part  of  the  public  area  will  have  a  24  ft  high 
ceiling. 

The  arena  building  will  have  a  steel  frame  forming  a  compression  ring,  425  ft  in 
diameter,  over  ISO  ft  above  street  level.  The  ring  will  support  a  cable-hung  roof  so 
that  the  main  arena  will  be  column  free.  The  ring  size  was  fixed  in  an  effort  to  establish 
a  maximum  area  in  the  arena  and  to  meet  the  zoning  ordinance  as  far  as  building  set 
back  from  street  line  and  sky  exposure  plan  requirements  were  concerned. 

With  the  ring  columns  of  the  arena  carrying  better  than  2,000,000  lb  each  and  with 
less  than  half  of  them  being  in  a  position  which  would  allow  them  to  be  carried  directly 
to  the  footings  and,  also,  considering  the  problems  of  maintaining  the  desired  ceiling 
height  and  clear  public  passageways,  there  are  quite  intricate  problems  in  getting  the 
column  loads  to  the  rock  some  SO  ft.  below  the  street  elevation.  The  transfer  girders 
vary  in  depth  up  to  14  ft.  It  was  necessary  to  bury  some  of  the  transfer  griders  in 
partition  walls.  We  were,  however,  able  to  meet  our  basic  criteria  and  set  up  a  workable 
facility  above  grade  and  in  the  remaining  station  areas. 

Slide  6 — Pennsylvania  Station,  New  York. 

Now  a  view  of  a  model  showing  the  new  arena  building  with  two  office  towers 
in  the  background.  In  looking  at  this  picture  please  keep  in  mind  the  size  of  the  build- 
ing— 425  ft  across.  After  it  is  built  no  one  will  get  a  view  like  you  see  on  the  screen. 
It  will  be  only  possible  to  see  parts  of  the  building,  so  the  architect's  efforts  in  design 
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are  being  put  forth  with  that  in  mind.  The  twin-towered  office  building  shown  will 
change  before  construction.  This  was  the  type  of  building  we  were  attempting  to  sell 
to  J.  C.  Penney  Company  which  wanted  to  rent  700,000  sq  ft  of  office  space  and  now 
have  decided  to  move  elsewhere.  There  is  a  selling  job  to  do  betwen  now  and  the 
middle  of  1966  when  our  present  construction  schedule  calls  for  the  development  of  the 
office  site. 

Now  I  shall  say,  "Thank  you  for  listening."  I'll  see  you  in  1967  when  the  project 
is  finished,  at  which  time  I  hope  I  can  report  on  how  it  should  have  been  done  and 
not  on  how  it  should  not  have  been  done. 


Membership  Meeting  Adjourned 

REMARKS  BY  PRESIDENT  LOGGINS 

This  completes  the  program  for  our  Membership  meeting  as  a  part  of  the  American 
Railway  Progress  Exposition.  We  hope  you  have  found  it  interesting  and  informative. 
We  thank  again  all  those  who  have  participated  in  our  program. 

Before  adjourning  this  meeting  and  releasing  you  to  the  exhibit  areas  and  other 
activities  of  the  Exposition,  I  want  to  remind  you  that  the  next  big  meeting  of  the 
American  Railway  Engineering  Association  wall  be  its  2^ -day,  full-scale  1964  conven- 
tion, which  will  be  held  in  this  city  at  the  Pick-Congress  Hotel,  March  9-11 — and 
extend  to  each  of  you  a  cordial  invitation  to  attend. 

The  meeting  is  now  adjourned. 


Physical   and   Mechanical   Test   Results   of   Rails   and 

Joint   Bars   Produced   by  the  Basic-Oxygen 

Steel-Making  Processf 

The  introduction  of  the  basic-oxygen  steel-making  process  in  Canada  and  the 
United  States,  particularly  at  the  Algoma  Steel  Company  and  the  Colorado  Fuel  &  Iron 
Corp.,  has  brought  about  the  necessity  of  obtaining  data  on  the  performance  of  rails 
and  joint  bars  produced  from  basic-oxygen  steel,  since  54,000  tons  of  rail  produced  by 
this  process  are  already  in  use  in  the  United  States.  The  AREA  specifications  require 
that  these  products  be  made  from  open-hearth  or  electric-furnace  steels.*  Considerable 
data  pertaining  to  the  latter  steels  (particularly  open-hearth)  have  been  accumulated  in 
ARE.\  Proceedings  over  the  last  20  years.  In  the  case  of  the  basic-oxygen  steel  in  re- 
lation to  railroad  products,  very  little  data  have  been  published.  To  obtain  comparable 
data  on  open-hearth  steels,  a  project  in  collaboration  with  the  CF&I  Corp.  was  under- 
taken to  investigate  the  physical  and  mechanical  properties  of  rails  and  joint  bars  pro- 
duced by  the  basic-oxygen  steel-making  process.  These  data  will  be  given  consideration 
in  accepting  the  basic-oxygen  steel  for  rails  and  joint  bars  in  the  AREA  specifications. 

It  is  of  interest  to  include  in  this  report  an  excerpt  on  basic-oxygen  steel  making 
from  a  publication  supplied  by  the  Quality  Control  Department  of  the  CF&I  Corp.,  in 
which  it  is  stated  that  the  outstanding  factor  in  the  development  of  steel-making  tech- 
nology during  the  past  decade  has  been  the  steady  increase  in  the  utilization  of  manu- 
factured oxygen.  Air-extracted  oxygen  is  now  used  extensively  both  as  an  aid  in  con- 
ventional steel-making  processes  and  as  the  foundation  for  an  entirely  new  steel-making 
concept  known  as  the  basic-oxygen  process. 

In  the  United  States  and  Canada,  the  term  basic-oxygen  steel  making  is  used  generi- 
cally  to  describe  a  process  in  which  molten  iron  is  refined  to  steel  under  a  basic  slag  in 
a  cylindrical  furnace  lined  with  basic  refractories,  by  directing  a  jet  of  high-purity 
gaseous  oxygen  onto  the  surface  of  the  hot  metal  bath. 

In  respect  to  its  essential  chemical  composition  and  metallurgical  characteristics, 
steel  which  has  been  made  by  the  basic-oxygen  process  is  quite  similar  to  basic  open- 
hearth  steel  of  the  same  grade.  The  differences  between  the  two  processes  lie  chiefly  in 
the  design  of  the  furnaces  employed  and  in  the  relative  extent  to  which  high-purity 
manufactured  oxygen  is  used  as  a  refining  agent. 

This  investigation  has  been  conducted  at  the  AAR  Research  Center  by  Kurt  Kan- 
nowski,  metallurgical  engineer,  under  the  direction  of  G.  M.  Magee,  director  of  engi- 
neering research,  and  at  the  University  of  Illinois  by  Prof.  R.  E.  Cramer.  The  rails  and 
joint  bars  used  in  the  investigation  were  produced  by  the  CF&I  Corp.  Since  some  data 
had  already  been  obtained  on  rails  and  joint  bars  produced  at  Algoma  by  means  of  the 
basic-oxygen  steel  process,  it  has  been  found  advisable  to  include  it  in  this  report.  The 
investigation  of  the  rails  consisted  of  rolling-load  tests  for  shelling,  rolling-load  tests  in 
the  12-in-stroke  machine  on  flash  and  oxyacetylene  pressure  butt  welded  rail  joints; 
slow  bend  tests  and  drop  tests;  and  mechanical  tests.  The  joint  bars  were  tested  in 
rail  joints  on  the  long-stroke  rolling-load  machines.  Mechanical  tests  were  performed 
on  the  bars  that  failed.  The  chemical  analysis  on  these  bars  was  also  checked. 

*  In  March  1963  the  A.ssociation  adopted  the  qualification  that  the  basir-oxyRon  process  may  be 
used  at  the  option  of  the  purchaser. 

t  An  abstract  of  Report  No.  ER-33  i.ssued  by  the  Research  Department,  AAR.  Copies  of  the 
complete  report  can  be  obtained  from  the  director  of  enKineering  research,  .AAR,  3140  S.  Federal  St., 
Chicago    16. 
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In  comparing  the  mechanical  and  rolling-load  test  results  of  the  rails  produced  by 
the  basic-oxygen  steel  process  and  those  produced  by  the  open-hearth  steel  process,  it 
can  be  noted  that  the  rails  produced  by  the  two  different  processes  and  from  two  differ- 
ent companies  performed  the  same.  This  is  also  true  of  the  performance  of  flash  butt- 
welded  and  oxyacetylene  butt-welded  rail  joints  in  the  case  of  the  slow  bend  tests.  The 
drop-test  results  of  the  flash  butt-welded  rail  joints  are  unusually  good,  as  this  type  of 
weld  often  fails  on  the  first  blow.  The  rolling-load  tests  for  both  types  of  welds  indi- 
cate that  the  steel  made  by  the  basic-oxygen  process  performs  as  well  as  the  open- 
hearth  steel  in  the  butt  welds. 

The  rolling-load  test  results  of  the  joint  bars  indicate  that  the  bars  produced  by 
two  different  suppliers  and  made  by  the  two  steel-making  processes  perform  essentially 
the  same.  The  small  representation  involved  in  the  68  series  average  for  the  115  RE 
section  undoubtedly  affects  the  comparison  with  the  174-185  series.  In  turn  the  results 
of  the  62  series  for  the  115  K4  section  are  outstanding  for  the  basic-oxygen  steel.  It 
must  be  taken  into  consideration  in  comparing  these  products  produced  by  the  two 
processes  that  the  variation  in  heat  treatment  by  one  processor  compared  to  the  other 
has  some  effect  on  the  test  results.  The  comparison  of  the  mechanical  properties  indicates 
again  very  little  difference  in  the  products  produced  by  the  two  steel  processes.  The 
chemical  analysis  falls  well  within  the  specifications  and  checks  closely  with  the  heat 
analysis. 

From  the  data  developed  in  this  investigation  of  basic-oxygen  steel  for  rail  and 
joint  bars  compared  to  the  previous  data  on  the  same  products  from  open-hearth  steel, 
it  can  be  concluded  that  there  should  be  no  difference  in  the  performance  of  the  steel 
produced  from  the  two  processes. 

Description   of   Flame-Hardening   of   Rail   by   the 

Union  Pacific  Railroad,  and  Physical  and 

Metallurgical   Test   Results* 

The  continued  interest  by  various  railroads  and  inquiries  in  regard  to  flame- 
hardening  of  rails  has  made  it  advisable  to  report  on  the  flame  hardening  of  rails  by 
the  Union  Pacific  Railroad  as  well  as  the  test  results  of  rolling-load,  drop  and  slow 
bend  tests  on  the  treated  rails.  The  flame-hardened  rails  were  submitted  to  the  AAR 
Research  Center  by  J.  A.  Bunjer,  chief  engineer  of  the  Union  Pacific.  The  drop  test 
and  metallurgical  test  results  were  obtained  at  the  AAR  Research  Center  by  Kurt 
Kannowski,  metallurgical  engineer,  under  the  direction  of  G.  M.  Magee,  director  of 
engineering  research.  The  rolling  load  test  results  for  shelling  and  the  slow  bend  test 
results  were  obtained  by  Prof.  R.  E.  Cramer  at  the  University  of  Illinois. 

The  installation  for  the  flame  hardening  is  at  Cheyenne,  Wyo.,  in  the  Union  Pacific 
shops  there.  The  present  method  consists  of  placing  two  39-ft  rails  with  the  head  up 
in  a  tank.  The  rails  are  supported  in  the  center,  and  both  ends  are  bent  down  14  in  by 
means  of  a  hydraulic  jack.  In  order  to  permit  flame-hardening  of  the  rail  ends,  short 
pieces  of  rail  are  joined  by  means  of  bars  to  the  rail  ends.  The  water  level  in  the  tank 
is  then  raised  to  about  a  ^  in  from  the  top  of  the  head  at  each  end  and  maintained  at 
this  level  manually  as  the  oxyacetylene  flame-hardening  heads  start  from  each  end  to- 
wards the  center.  The  heads  are  supported  and  traversed  on  a  guide  by  means  of  stand- 
ard flame-cutting  equipment  at  a  rate  of  5  in/min.  As  the  flame  hardening  heads  ap- 


*  An  abstract  of  Report  No.  ER-34  issued  by  the  Research  Department,  AAR.  Copies  of  the 
complete  report  can  be  obtained  from  the  director  of  engineering  research,  AAR,  3140  S.  Federal  St., 
Chicago   16. 
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proach  each  other  at  the  center,  one  set  is  stopped  and  traversed  backwards  permitting 
the  other  to  overlap  by  about  5-6  in  the  flame-hardened  paths  of  the  other  flame- 
hardening  heads.  The  overlapping  flame-hardened  areas  have  been  thoroughly  investi- 
gated by  Prof.  R.  E.  Cramer  and  reported  in  the  AREA  Proceedings,  Vol.  63,  pages 
548  and  550.  They  show  no  detrimental  effects  under  the  rolling-load  tests  for  shelling. 
In  the  above  process  15-16  rails  can  be  flame-hardened  in  8  hr  by  three  operators. 
None   of  the  rails  observed  during  the  flame-hardening  required  straightening. 

A  hardened  cap  of  about  J4  in  thickness  with  a  BHN  of  327  to  342  has  been  pro- 
duced by  this  process.  These  rails  have  an  improved  resistance  to  shelling  and  can  be 
produced  to  accepted  straightness  with  relatively  inexpensive  equipment.  The  increased 
hardness  on  the  gage  corner  will  be  beneficial  in  the  case  of  abrasion.  In  view  of  the 
fact  that  a  superior  fully  heat-treated  rail  is  not  available  on  an  economic  basis  to  many 
railroads  the  indications  from  the  data  in  this  report  are  that  a  usable  product  for  a 
relatively  low  cost  can  be  produced  by  the  railroads.  It  will  be  of  interest  to  observe 
the  performance  of  the  service  test  installations  of  the  type  of  treated  rail  after  some 
tonnage  has  passed  over  them. 

Description  of  Flame-Hardening  of  Rails  by  the  Santa 

Fe    Railway,    and    Physical    and   Metallurgical 

Test  Results  of  Flame-Hardened   Flash 

Butt-Welded   Rail   Joints* 

At  the  request  of  R.  H.  Beeder,  chief  engineer  system  of  the  Atchison,  Topeka  & 
Santa  Fe  Railway,  physical  tests  and  a  metallurgical  investigation  were  made  on  three 
flame-hardened  and  flash-butt-welded  rail  joints  produced  by  the  Santa  Fe  method  of 
flame  hardening.  The  flash  butt  welds  were  made  by  the  Santa  Fe,  using  the  Schlatter 
process. 

The  process  of  flame  hardening  described  in  the  following  was  developed  by  the 
Santa  Fe  Railway  to  make  available  to  it  a  rail  with  a  harder  running  surface  at  a 
reasonable  cost.  The  subject  is  of  interest  to  all  the  railroads  west  of  the  Mississippi 
River  as  they  are  all  faced  with  the  unavailability  of  a  harder  rail  at  a  reasonable  cost. 

In  this  process  the  top  part  of  the  head  of  the  rail  is  heated  by  means  of  an  oxy- 
acetylene  flame  above  the  critical  temperature  of  rail  steel.  The  quenching  action  is 
achieved  primarily  from  the  large  mass  of  the  rail  head  at  or  near  atmospheric  or  room 
temperature.  The  rail  is  further  cooled  by  a  stream  of  air  dehvered  at  a  65-lb  pressure. 
To  facilitate  later  handling,  it  is  further  cooled  by  a  small  stream  of  water.  The  fillet 
area  under  the  head  of  the  rail  is  preheated  by  an  oxyacetylene  torch  on  each  side  of 
the  rail.  It  has  been  found  that  this  practice  makes  it  unnecessary  to  precamber  the 
rails  that  rest  on  a  flat  bed,  and  are  held  in  position  by  clamps.  The  assembly  of  the 
preheating  and  quenching  equipment  is  a  part  of  standard  flame-cutting  equipment 
which  travels  on  a  guide  above  and  to  the  side  of  the  rail.  The  heating  and  quenching 
heads  are  guided  at  a  constant  distance  from  the  rail  head  by  two  flanged  rollers.  As 
mentioned  above,  the  head  fillet  areas  of  the  rail  are  preheated  by  an  oxyacetylene  torch 
on  each  side.  This  is  followed  by  the  heating  head  with  a  series  of  orifices  for  preheat- 
ing and  a  larger  number  of  orifices  for  the  heating.  The  rail  is  then  ccoled  by  an  air 
quenching  head  with  air  at  65  lb  pressure.  This  equipment  produces  flame  hardening  of 


*  An  abstract  of  Report  No.  ER-3S  Lssued  by  the  Research  Department,  AAR.  Copies  of  the 
complete  report  can  be  obtained  from  the  director  of  engineering  research,  AAR,  3140  S.  Federal  St., 
Chicago   16. 
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the  cross  section  of  a  136-lb  CF&I  section  at  the  rate  of  9.5  in  per  min.  Considering  the 
time  consumed  in  mounting  and  dismounting  the  rails  on  the  heating  bed,  8  rails  can  be 
flame  hardened  in  8  hr.  In  a  cross  section  of  a  flame-hardened  rail,  it  can  be  noted  the 
heat-affected  zone  is  about  0.25  in  deep  across  the  top  of  the  head.  The  BHN  of  the 
running  surface  is  364,  and  of  the  rail,  255.  The  R"C"  readings  of  the  hardened  zone 
are  33  to  37.5,  which  is  converted  to  a  BHN  range  of  300  to  350. 

Since  the  Santa  Fe  Railway  welds  all  its  rail  by  the  Schlatter  process,  three  rail 
joints  of  the  flame-hardened  rail  were  welded  and  submitted  to  the  AAR  Research 
Center  for  investigation.  RoUing-load  and  drop  tests  were  performed  at  the  Research 
Center  and  slow  bend  tests  were  made  at  the  University  of  Illinois  by  Prof.  R.  E. 
Cramer. 

In  the  metallurgical  investigation  a  BHN  survey  was  made  of  the  running  surface 
of  the  rail  in  the  rolling-load  test.  It  was  noted  that  the  heat-affected  zone  due  to  the 
welding  extended  i%  in  on  both  sides  of  the  weld,  reducing  the  BHN  of  the  flame- 
hardened  area  for  that  distance  to  that  of  work-hardened  rail  steel.  The  BHN  survey 
of  the  same  sections  showed  the  same  results  about  %.  in  below  the  flame-hardened 
surface.  These  readings  were  obtained  in  R  "C"  and  converted  to  BHN. 

This  flame-hardening  process  was  developed  by  the  railroad  using  relatively  simple 
equipment  producing  a  surface-hardened  rail  which  undoubtedly  will  give  satisfactory 
service  for  the  cost  involved.  It  was  noted  at  the  plant  at  Newton,  Kans.,  that  some 
of  the  rail  required  straightening  because  the  ends  had  come  up  about  2  in,  measuring 
the  ordinate  at  the  center  of  the  39-ft  rail.  Since  most  of  the  rail  did  not  require 
straightening,  it  was  indicated  that  an  optimum  practice  in  regard  to  such  conditions 
as  heat  input,  speed  of  heating  and  quenching,  had  been  obtained.  The  rails  that  did 
bend  probably  were  in  the  upper  range  of  the  carbon  and/or  manganese  limits  of  the 
Rail  Specifications.  The  drop  test  results  indicate  that  a  better  than  normal  weld  had 
been  produced,  inasmuch  as  welds  of  this  type  usually  fail  at  the  first  blow.  The  sur- 
face of  the  fracture  showed  a  fibrous  structure.  The  slow  bend  test  results  indicate  a 
superior  condition  in  that  the  results  were  the  second  best  ever  obtained  at  the  Uni- 
versity of  Illinois.  The  rolling-load  tests  and  the  hardness  surveys  indicate  that  flash-butt 
welds  in  flame-hardened  rail  are  satisfactory. 


Length    of    Railway    Transition    Spiral — Analysis    and 

Running  Tests 

A.  ACKNOWLEGDEMENT 

The  test  program  discussed  herein  was  carried  out  under  an  assignment  of  the  AAR 
Joint  Committee  on  Relation  Between  Track  and  Equipment  and  of  AREA  Committee 
5 — Track,  as  a  part  of  the  research  activities  of  the  AAR  Research  Center,  W.  M.  Keller, 
vice  president-research.  The  work  was  under  the  general  direction  of  G.  M.  Magee, 
director  of  engineering  research.  Randon  Ferguson,  electrical  engineer,  was  in  direct 
charge  of  the  program  assisted  by  Ralph  Schinke,  stress  analyst;  the  instrumentation 
was  developed  and  operated  by  H.  H.  Remington  and  R.  L.  La.skowski,  electronic 
assistants.  The  report  and  analyses  were  prepared  by  Mr.  Ferguson  and  Mr.  Schinke. 

The  running  tests  were  made  possible  through  the  cooperation  of  the  Pennsylvania 
Railroad,  arranged  by  C.  J.  Code,  assistant  chief  engineer-staff,  which  furnished  a 
locomotive,  a  passenger  coach  and  other  facilities.  S.  H.  Poore,  chairman  Committee  5 — 
Track,  and  L.  H.  Jentoft,  chairman  subcommittee  9,  directed  the  work  for  the  Track 
committee  and  Mr.  Code,  chairman,  represented  the  Joint  Committee.  Preparation  for 
the  tests  and  the  running  arrangements  were  directed  for  the  railroad  by  D.  N.  Worfel, 
assistant  engineer  of  tests,  maintenance  of  way,  assisted  by  various  members  of  the  test, 
track  and  mechanical  departments  of  the  railroad. 

B.  PURPOSES  AND  OBJECTIVES 

The  introduction  of  the  diesel  locomotive  and  modern  passenger  equipment  pro- 
moted a  trend  to  faster  schedules  and  focused  attention  on  ride  comfort.  Many  rail- 
roads had  extensive  programs  of  lengthening  spiral  transition  or  easement  curves  and 
improving  the  general  alinement  of  the  track,  with  better  riding  the  objective  at  that 
time.  Tests  made  in  1954  by  the  AAR  research  staff  on  "Passenger  Ride  Comfort  on 
Curved  Track"^  gave  information  on  the  importance  of  various  factors  in  track  and 
equipment  and  established  criteria  for  calculating  performance  and  judging  results.  Infor- 
mation from  the  records  of  those  tests  indicated  the  need  for  more  data  on  the  funda- 
mental factors  related  to  the  design  of  the  spiral  easement  curves  and  the  levels  of 
acceleration  suitable  for  the  requisite  comfort.  The  tests  here  reported  are  for  that  pur- 
pose and  are  intended  to  establish  a  basis  for  recommendations  for  the  AREA  Manual. 
Of  course,  the  volume  of  passenger  travel  has  diminished  greatly  since  the  inception 
of  the  project,  but  freight  equipment  is  getting  heavier  and  larger  and  being  run  at 
increasing  speeds.  Much  of  the  information  in  the  report  is  also  applicable  to  the  prob- 
lems of  freight  operations.  There  has  also  been  some  recent  thought  and  studies  on 
possible  increases  in  scheduled  passenger  train  speeds  to  compete  with  air  line  schedules 
over  moderate  distances  where  there  is  a  large  amount  of  passenger  travel  and  the  addi- 
tional travel  time  to  and  from  airports  is  great  enough  to  make  air  line  schedules 
comparable  to  train  schedules. 

C.  PREVIOUS  WORK  AND  HISTORY 

It  has  long  been  recognized  that  one  of  the  requirements  for  smooth,  comfortable 
riding  around  curves,  especially  at  high  speeds,  is  a  suitable  transition  spiral  to  ease 
the  change  from  no  curvature  to  a  given  constant  curvature.  The  most  logical  method 
of  doing  this  is  to  have  a  uniform  change  of  curvature  and  elevation  until  the  curvature 


1  All   references  are  listed  on   pages    104   and    105. 
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and  elevation  of  the  circular  curve  are  attained.  The  principal  question  is  how  long 
a  period  is  needed  to  accomplish  this  with  safety  and  suitable  comfort  or  freedom  from 
damage  to  lading  and  without  the  introduction  of  forces  detrimental  to  the  track  and 
equipment. 

A  discussion  given  by  Jenkins*  in  the  1909  Proceedings  of  the  AREA  Track  com- 
mittee quotes  a  report  presented  by  W.  H.  Short  before  the  Institution  of  Civil  Engi- 
neers in  London  that  gives  a  very  logical  description  of  the  purpose  of  the  transition 
spiral  and  even  recommends  a  rate  of  change  of  acceleration  of  1  ft  per  sec  per  sec  for 
each  second  of  time  as  a  suitable  value  to  be  "unnoticed,"  as  follows: 

"The  true  purpose  of  a  transition  curve  is,  therefore,  to  enable  the  centrifugal  force 
to  be  applied  gradually  and  so  obviate  the  swing  produced  by  its  sudden  action  .  .  . 
In  the  author's  experience  the  maximum  rate  of  gain  or  loss  of  acceleration  that  will 
pass  unnoticed  is  1   ft  per  sec  per  sec  in  a  second.  .  .  ." 

The  rate  of  0.03g  per  sec  selected  from  the  British  tests  reported  in  "Passenger 
Ride  Comfort  on  Curved  Track'''  is  0.966  ft  per  sec  per  sec  in  a  second — a  quantitative 
value  that  corresponds  almost  exactly  to  the  1  ft  per  sec  per  sec  in  a  second  suggested 
almost  SO  years  previously.  The  existence  of  this  paper  was  not  known  at  the  time  the 
curve  test  report  was  made.  Mr.  Jenkins  was  a  member  of  the  Joint  Committee  on 
Stresses  in  Railroad  Track  and  also  recommended  in  the  same  discussion  that  the  formula 
for  equilibrium  elevation  be  changed  to  take  account  of  the  fact  that  a  track  level 
measures  approximately  between  the  centers  of  the  rail  rather  than  the  gage  corners. 
This  change  was  made  following  the  report  on  curve  tests  where  the  revised  formula 
was  used. 

The  formula  for  the  "desirable"  length  of  spiral  as  presently  given  in  the  AREA 
Manual — 

Lonin,  =  l.l7  EV 

where  L  is  desirable  length  of  spiral  in  feet,  E  the  elevation  of  outer  rail  in  inches,  and 
V  the  maximum  train  speed  in  miles  per  hour — first  appeared  in  the  Proceedings*  in 
1941  as 

88 
L  =    ^g    ES  (S  is  speed  in  miles  per  hour) 

with  the  statement  that  this  formula  provides  a  "runoff"  of  elevation  of  1%  in  per  sec. 
The  same  equation,  now  stated  in  the  Manual  as  L  (mtm  =  1.17  EV,  as  mentioned  above, 
still  stands  as  recommended  practice  for  "desirable"  spiral  length. 

The  earliest  index  reference  to  transition  curves  given  in  the  AREA  Proceedings 
is  in  1901  by  Camp.**  Reference  to  this  article  is  made  by  Landon"  in  a  report  where 
it  is  stated  "Transition  curves  enable  the  elevation  to  rise  uniformly  as  the  curvature 
increases."  This  states  in  our  opinion  the  most  desirable  form  of  the  transition  curve. 
A  later  reference  in  1909,''  reports  the  results  from  a  questionnaire  in  which  three  ques- 
tions were  concerned  with  the  rate  of  runoff  for  various  conditions.  It  is  stated  that  the 
average  of  the  replies  indicated  a  runoff  of  elevation  of  liV  in  per  sec  was  satisfactory 
for  various  speeds.  This  information  was  used  by  Carter^  to  develop  a  formula  for 
length  of  spiral  for  1^  in  and  1^  in  rise  per  second  and  is  probably  the  source  of 
the  1^  in  rise  per  second  in  the  present  Manual  formula. 

A  discussion  and  analysis  was  written  for  the  Track  committee  in  1958  but  not 
published.  In  this  report  the  ride  comfort  approach  to  the  determination  of  minimum 
length  was  presented  and  discussed,  and  other  possible  factors  or  limitations  were 
analyzed  that  might  limit  the  application  of  the  ride  comfort  formula  in  certain  ranges. 
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It  was  not  considered  possible  to  decide  on  some  of  these  factors  by  analysis  only,  and 
approval  was  given  for  running  tests  that  would  give  information  on  them.  For  various 
reasons  the  tests  were  delayed  until  June  1962,  and  this  report  presents  the  results  with 
recommendations  for  the  Manual. 

D.  ANALYSIS  OF  THE  PROBLEM 

As  discussed  above  the  need  and  desirable  characteristics  of  easement  curves  were 
established  many  years  previously.  Much  was  written  at  that  time  on  the  methods  of 
laying  them  out  with  requisite  accuracy  and  ease,  and  articles  are  still  appearing  on  that 
subject.  However,  this  report  is  not  concerned  with  that  phase  of  the  problem  with  the 
exception,  perhaps  of  the  "sinous"  spiral  proposed  by  Kamiya."  Schramm'"  has  also 
proposed  a  "flattened  S  ramp"  with  a  smaller  rate  of  change  of  elevation  at  the  ends 
of  easement  curves.  The  basis  of  these  proposals  is  the  elimination  of  the  theoretical 
vertical  discontinuities  at  the  ends  of  the  easement  curves  (Figs.  8  and  9).  However, 
examination  of  the  various  test  recordings  which  were  taken  at  speeds  to  100  mph  did 
not  indicate  any  noticeable  disturbances  at  the  ends  of  the  transition  except  in  cases 
where  the  cross  level  or  curvature  records  indicated  variations  of  aiinement  or  curvature. 
Theoretically  the  vertical  discontinuity  at  the  ends  of  the  spiral  will  cause  an  instan- 
taneous change  from  zero  of  the  vertical  acceleration  at  the  ends  of  the  spiral,  but  the 
vertical  stiffness  of  the  rails  in  use  is  large  enough  that  such  a  theoretical  discontinuity 
will  be  smoothed  out  and  not  actually  appear  for  the  usual  spiral  slopes  and  speeds. 
The  equipment  also  has  considerable  length  relative  to  the  spiral  which  will  also  tend 
to  smooth  out  effects  of  discontinuities.  Requirements  for  measurements  closer  than 
%  in.  in  track  aiinement  or  surface  are  impractical  and  not  of  sufficient  importance  to 
justify  extra  expense. 

The  tests  of  ride  comfort  on  curves  established  a  comfortable  level  as  being  a 
maximum  of  0.10  g  for  the  constant  lateral  acceleration  on  the  circular  portion  of  the 
curve.  This  constant  acceleration  is  attained  during  the  time  the  car  is  in  the  transition 
curve  and  changes  from  zero  on  the  tangent  to  the  O.lOg  in  the  transition  curve.  Many 
workers  in  the  field  of  the  effects  of  vibrations  on  persons  have  established  the  ranges 
of  acceleration  amplitude  and  frequency  that  cause  various  degrees  of  discomfort.  In  the 
lower  range.  1  to  6  cps,  it  has  been  found  that  the  rate  of  change  of  the  acceleration, 
(Py/df,  is  more  directly  related  to  the  effect  on  people  than  the  acceleration.  The 
results  of  various  workers  on  this  are  well  presented  by  Janeway".  However,  the  type 
of  acceleration  developed  in  the  spiral  is  not  truly  vibratory  in  the  sense  usually  con- 
sidered, and  it  was  deemed  desirable  to  rely  on  actual  tests  involving  personal 
observations. 

At  the  time  of  making  the  report  on  ride  comfort  on  circular  curves,  the  results  of 
a  set  of  tests  made  by  Loach  and  Maycock'",  which  included  passenger  ride  tests  on 
spirals,  were  available,  k  plot  of  some  of  these  tests  as  given  in  the  A.^R  report  is 
reproduced  here  as  Fig.  12.  The  value  of  0.03  g  per  sec  as  recommended  previously  was 
obtained  from  these  tests  as  a  conservative  figure,  allowing  for  some  irregularities  for 
obtaining  minimum  spiral  length  on  the  basis  of  ride  comfort.  If  the  allowable  maximum 
of  terminal  acceleration  in  the  circular  curve  is  0.10  g  and  the  rate  of  attainment  is 
0.03  g  per  sec,  the  time  in  the  spiral  must  be 

O.lOg 

=  3.33  sec 


0.03  g/ sec 


This  time  can  be  related  to  L,  the  minimum  length  of  spiral  in   feet;  in  terms  of  £„, 
the  unbalanced  elevation  in  inches,  and  V ,  the  speed  in  miles  per  hour.  In  the  circular 
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curve  tests  it  was  found  that  O.lOg  acceleration  on  the  passengers  corresponded  approxi- 
mately to  3  in  unbalance  for  cars  with  an  average  roll  tendency.  This  correspondence 
is  affected  by  amount  of  the  car  body  roll  on  the  springs  and  swing  hangers.  The 
relation  is 

Eu  in 

"T~XO-^°g  5280  ft 

^~        0.03g/sec        ^    3600  sec    ^  ^^^ 

Eu  X  0.1467  X  V 
^  = 0:09 =1.63£,.F    (1) 

A  more  exact  term  can  be  developed  to  calculate  the  spiral  length  for  a  given  angle 
of  car  body  roll,  0.  The  equivalent  unbalanced  elevation  due  to  car  body  roll  is 
(assuming  60-in  rail  centers) 

£„=:60  sin  e 

Since  the  0.10  g  acceleration  assumed  for  the  3-in  track  unbalance  used  in  Equa- 
tion (1)  is  equivalent  to  a  track  unbalance  of  6  in  with  no  roll,  Equation  (1)  may  be 
modified  to  allow  for  the  actual  car  body  roll  angle  for  3  in  of  unbalance. 


L=(1±^^^\e.X   1.63  V 


(2) 


The  car  body  roll,  6,  is  generally  obtained  from  a  static  lean  test.  Generally  the  simpler 
Equation  1  will  be  sufficiently  accurate. 

Application  of  this  formula  to  the  usual  ranges  of  conditions  encountered  on  rail- 
roads and  analyses  of  some  of  the  forces  involved  indicated  that  use  of  this  formula 
alone  is  not  satisfactory;  other  criteria  must  be  applied  to  obtain  safe  and  comfortable 
conditions.  The  greatest  lack  of  applicability  is  found  where  unbalanced  elevation  is 
small  or  zero,  or  at  low  speeds  where  the  equation  gives  spirals  too  short  for  reasons 
other  than  ride  comfort.  The  short  spirals  will  also  develop  high  lateral  turning  forces. 

The  spiral  must  be  long  enough  so  that  the  force  required  to  accelerate  the  car 
or  locomotive  up  to  the  constant  angular  rotation  of  the  circular  curve  is  not  excessive, 
and  long  enough  relative  to  the  length  of  the  equipment  so  that  there  is  not  excessive 
racking  of  the  equipment  or  racking  forces  which  may  tend  to  produce  derailments. 
A  slope  of  1  in  to  62  ft  has  been  selected  as  the  limiting  factor  in  this  respect  and  may 
be  expressed  by  the  equation 

L  =  62£a     (3) 

where  Ea  is  the  actual  elevation  in  inches.  This  equation  should  be  used  whenever  it  gives 
a  length  greater  than  Equation  1.  This  slope  will  give  about  1  in  difference  in  the  height 
of  diagonal  corners  of  85-ft  cars  at  the  truck  center  lines.  This  seems  a  reasonable  value 
and  is  undoubtedly  satisfactory  for  most  speeds  as  based  on  experience.  However,  no 
experimental  data  are  available  on  the  effect  of  high  speed  on  this  action,  and  in  cases 
of  extreme  speed  it  may  be  good  judgement  to  use  a  little  flatter  slope.  Examples  of  the 
use  of  these  equations  are  given  in  Tables  1,  2  and  3  which  use  a  rate  of  change  of 
acceleration  of  0.03g  per  sec  and  3,  2  and  0  in  of  unbalance;  Tables  4  and  5  are  also 
for  3  and  2  in  of  unbalance  but  use  0.04g  per  sec  rate  of  change.  Table  6  uses  the  AREA 
formula,  L  =  1.17  £aF,  for  3  in  unbalanced  elevation. 

The  tables  also  give  values  of  the  angular  acceleration  forces  and  total  (angular  + 
centrifugal)  forces  for  significant  cases.  The  development  of  equations  for  these  forces 
is  shown  in  the  Appendix. 
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Some  typical  examples  illustrating  the  results  obtained  by  the  proposed  method 
compared  with  the  AREA  formula  are  given  in  the  following, 

Assume  a  1-deg  curve  with  3  in  unbalance  (76  mph)  and  1  in  elevation 

(AREA)  Z,  =  1.17  X  1  X  76  =  89  ft 

(Proposed)  L  =  1.63  X  3  X  76  =  371  ft 
The  89  ft  at  76  mph  is  covered  in  0.80  sec,  which  is  a  short  time  to  attain  0.1  Og  or 
0.12Sg  per  sec  instead  of  0.03  or  0.04g  per  sec.  The  calculated  force  given  in  the  tables 
is  11,300  lb  for  the  AREA  formula  and  9850  lb  for  the  proposed  formula,  all  of  the 
increase  being  due  to  the  larger  force  required  for  angular  acceleration  on  the  shorter 
spiral.  The  railroads  have  long  recognized  this  area  of  deficiency  in  the  AREA  formula 
and  devised  various  empirical  methods  of  getting  a  more  suitable  result. 

Assume  a  3-deg  curve  with  3  in  elevation  and  the  same  3  in  unbalance   (54  mph) 
(AREA)  L—  1.17  X3  X  54=190  ft 
(Proposed)   L  =  1.63  X  3  X  54  ==  264  ft 
The  AREA  length  is  still  short  for  comfort,  but  not  so  greatly  deficient. 

Assume  a  5-deg  curve  with  6  in  elevation  and  the  same  3  in  unbalaance  at  51  mph. 
(AREA)  L  =  1.17  X  6  X  51  =  358  ft 
(Proposed)  L  — 62X6  =  372  ft. 

The  two  results  are  comparable  here,  the  proposed  length  coming  in  the  slope  limitation 
region  which  also  helps  keep  the  lateral  forces  within  reasonable  magnitude. 

Assume  a  10-deg  curve  with  3  in  elevation,  3  in  unbalance  and  29  mph. 
(AREA)  Z,  =  1.17  X3  X  29  —  102  ft 
(Proposed)  Z,  =  62  X  3  =  186  ft 
The  lateral  forces  for  the  AREA  result  are  about  1200  lb  larger, 

It  is  seen  that  the  proposed  methods  are  based  on  several  logical  and  calculable 
factors  and  give  reasonable  results  for  all  cases  encountered  in  practice.  The  basic  logic 
behind  the  AREA  formula  seems  to  be  that  there  is  a  relation  between  the  steepness  of 
the  slope  and  the  speed,  probably  a  comfort  factor  related  to  vertical  acceleration,  since 
it  is  seen  from  the  examples  that  some  of  the  results  do  not  come  within  what  now 
seems  a  desirable  slope  limitation  based  on  relative  length  of  equipment  and  the  length 
of  spiral.  Fig.  8  from  the  "Passenger  Ride  Comfort  on  Curved  Track"  report  is  repro- 
duced again  here  to  illustrate  some  of  the  relations  of  various  quantities  with  time.  It  is 
seen  in  Fig.  8b  that  y,  the  vertical  displacement,  varies  at  a  uniform  rate  in  the  spiral. 
In  Fig.  8c,  dy/dt,  the  vertical  velocity,  is  zero  on  the  tangent  and  instantaneously 
becomes  a  constant  value  on  entering  the  spiral.  This  relation  makes  d'y/dt",  the  theo- 
retical acceleration  (Fig.  8d),  instantaneously  infinite  and  then  zero  where  the  vertical 
velocity  is  constant.  Thus  there  is  no  vertical  acceleration  in  the  spiral  except  perhaps 
at  the  ends  of  the  spiral  which,  as  di-scussed  previou.sly,  is  smoothed  out  by  the  natural 
stiffness  of  the  rail  resisting  the  introduction  of  sharp  corners  which  smooth  out  dynamic 
end  effects.  No  noticeable  indications  of  such  effects  are  evident  in  the  test  records. 

Fig.  9  diagrams  the  angular  motion  and  forces  on  a  car  as  it  traverses  a  spiral. 
The  discontinuities  in  the  angular  acceleration  and  the  resulting  vertical  forces  as  shown 
for  the  transverse  plane  are  similar  to  those  diagrammed  in  Fig.  8.  However,  it  should 
be  emphasized  that  a  spiral  of  conventional  design  does  not  suffer  from  any  such  dis- 
continuities with  regard  to  the  angular  acceleration  of  the  equipment  in  the  horizontal 
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plane  or  the  resulting  lateral  forces,  as  shown  in  the  figure,  and  this  is  the  primary 
function  of  a  transition  spiral.  The  fact  that  the  angular  acceleration  and  the  lateral 
forces  acting  at  the  trucks  which  produce  this  acceleration  are  approximately  constant 
is  proven  in  the  Appendix.  The  main  advantage  of  the  "sinous"  spiral  previously  men- 
tioned is,  therefore,  only  the  removal  of  the  vertical  discontinuities  at  the  ends  of  the 
spiral,  and  these  are  not  troublesome  for  the  spiral  slopes  and  speeds  usually  used  in 
North  American  practice.  The  use  of  smaller  rates  of  change  of  curvature  and  elevation 
at  the  ends  of  a  sinous  spiral  requires  greater  rates  of  change  between  the  ends. 

E.  TEST  PROCEDURE  AND  INSTRUMENTATION 

The  British  ride  tests  on  spirals  had  given  good  correlation  with  passenger  sensa- 
tions, and  the  results  were  used  in  the  analyses  prior  to  our  tests;  but  the  British  cars 
and  track  are  considerably  different  from  those  in  this  country,  and  it  was  considered 
important  to  repeat  that  type  of  program  in  connection  with  any  instrumental  readings. 
Accordingly,  the  committees  involved  were  invited  to  take  active  part  in  the  tests  as 
were  others  working  in  the  field  or  familiar  with  the  problem.  About  20  people  were 
present  on  each  of  the  two  days  running.  Views  of  the  group  are  shown  in  Fig.  3.  A 
high-speed,  100  mph  maximum,  round  trip  and  a  scheduled  speed  round  trip  were 
made  from  Harrisburg,  Pa.,  to  Philadelphia,  Pa.,  the  first  day  and  a  maximum  speed 
round  trip  from  Harrisburg  to  Baltimore,  Md.,  the  second  day. 

A  thorough  advance  study  was  made  of  the  track  in  both  stretches  and  a  schedule 
of  maximum  speeds  was  made  to  insure  the  highest  possible  speeds  with  due  regard  for 
safety.  About  30  curves  were  selected  in  each  of  the  two  territories  to  provide  a  proper 
variety  of  spirals.  A  detailed  listing  of  the  curves  is  given  in  Tables  7  and  8.  The  curves 
were  specially  measured  by  the  railroad  to  give  accurate  data  for  calculations  and  cor- 
relation with  the  tests.  Each  of  the  curves  was  listed  in  a  table  giving  its  location  and 
other  data,  and  four  columns  were  available  for  a  check  mark  as  to  the  observers' 
impression  of  the  ride  on  both  entering  and  leaving  spirals.  A  column  was  also  available 
for  special  remarks. 

It  was  decided  from  examination  of  previous  test  records  that  the  best  way  to 
call  the  spirals  was  to  watch  the  records  for  cross  level  and  curvature  rather  than  using 
wayside  markers  which  may  be  missed  at  times.  An  address  system  was  placed  in  the 
car  for  announcements  and  indication  of  the  spirals.  After  announcing  the  approach  of  a 
particular  spiral  an  audible  tone  was  sounded  on  the  address  system  while  the  car  was 
in  the  entering  and  leaving  spirals.  This  system  worked  well  and  eliminated  the  difficulty 
of  checking  markers  other  than  mileposts  and  the  identity  of  the  curve.  Oscillograph 
records  were  taken  for  most  of  the  test  runs  as  well  as  on  the  test  curves. 

Two  6-channel  pen  writing  oscillographs  and  12  amplifiers  of  the  proper  types  were 
used  for  several  reasons  (views  of  these  instruments  are  shown  in  Fig.  2) :  the  pen  writing 
records  are  visible  as  taken,  response  required  is  relatively  low  in  frequency,  the  output 
of  the  accelerometers  can  be  filtered  to  remove  the  effects  of  unimportant  small  dis- 
placement, high-frequency  vibrations  which  give  high  amplitude  accelerations  and 
troubles  in  the  equipment  can  be  more  quickly  spotted. 

A  P8SH  coach  from  the  Congressional  fleet  (Fig.  1)  was  used  for  the  passengers 
and  instruments,  the  latter  being  placed  in  the  smoking  compartment  end  on  special 
tables.  An  Onan  propane  engine  generator  was  in  the  vestibule  for  an  independent  supply 
of  power  for  the  instruments.  However,  an  amplidyne  motor  generator  set  on  the  car 
normally  supplied  the  power.  The  single-unit  EMD  diesel  electric  locomotive  (Class 
EP22),  shown  in  Fig.  1,  of  335,000  lb  weight,  70  ft  3  in  coupled  length,  and  with  six- 
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wheel  trucks  to  obtain  the  maximum  force  effects,  was  used.  The  diesel  was  preferred 
even  in  electrified  territory  because  the  EMD  axle  load  cells  could  be  applied  to  it  but 
not  to  the  electric  locomotives. 

One  oscillograph  recorded  (Figs.  17  and  19)  the  resultant  forces  on  each  of  the 
three  axles  on  the  front  truck  (which  was  assumed  to  be  the  most  important  for  turning 
forces),  the  lateral  acceleration  on  the  locomotive,  the  lateral  acceleration  at  the  center 
of  the  car  and  the  vertical  acceleration  also  at  the  center  of  the  car.  The  second  oscil- 
lograph recorded  (Figs.  16  and  18)  signals  from  the  vertical  gyro  on  the  locomotives 
and  the  vertical  gyro  on  the  car  (Fig.  4),  the  extensometer  (Fig.  6)  record  of  the 
actual  car  body  roll  with  respect  to  the  track,  the  cross  level  from  the  algebraic  sum 
of  car  angle  with  the  vertical  (vertical  gyro)  and  car  body  roll,  the  speed,  and  the  rate- 
of-turn  signal  from  the  rate-of-turn  gyro  (Fig.  4)  which  gave  a  record  proportional  to 
the  rate  at  which  the  car  body  was  traversing  the  central  angle  of  the  curve.  A  simplified 
schematic  diagram  of  the  track-cross-level  and  car-body-roll-angle  circuits  is  shown  in 
Fig.  IS.  The  rate-of-turn  gyro  also  switched  off  the  erection  system  of  the  vertical 
gyros  whenever  the  rate  of  turn  was  more  than  0.4  deg  per  sec.  The  centrifugal  accel- 
eration due  to  the  curvature  would  cause  the  gyro  to  drift  from  true  vertical  at  the 
rate  the  erection  system  acts  to  erect  it.  The  inherent  drift  rate  is  much  slower,  so  the 
error  will  be  minimized  by  this  method.  This  means  that  the  switch  would  operate  at 
about  30  mph  on  a  1  deg  curve  or  any  similar  rate  of  turn.  An  electromechanical  servo- 
divider  has  since  been  devised  that  divides  the  signal  of  the  rate-of-turn  gyro  by  the 
speed  signal  so  that  the  quotient  output  of  the  divider  will  be  directly  proportional  to 
curvature.  However,  the  record  as  it  was  obtained  has  been  found  valuable  in  showing 
whether  curvature  is  irregular  or  not  (see  Ronks  curve  Fig.  18).  This  irregularity  in  the 
record  checked  with  measurements  made  on  the  curve  after  the  tests  (Fig.  20) . 

The  strain  gage  load  cells  on  the  locomotive  axles  (Fig.  7)  were  borrowed  from  the 
Electro  Motive  Division  of  General  Motors  Corp.  and  replaced  the  regular  thrust  bear- 
ings at  the  end  of  the  axle.  The  electrical  outputs  of  the  two  cells  on  an  axle  were 
summed  algebraically  to  give  the  resultant  for  the  whole  axle  with  respect  to  the  track 
as  a  whole. 

F.  PASSENGER  RIDE  COMFORT  RESULTS 

The  results  of  the  observers  ride  sensations  are  plotted  in  Figs.  10  and  11.  For  each 
test  curve  the  sensations  recorded  by  all  15  to  20  observers  were  weighted  to  obtain 
an  average  value  (collective  comfort  opinion)  on  the  ride  index  scale  for  both  entering 
and  leaving  spirals.  The  corresponding  rate  of  change  of  unbalanced  lateral  acceleration 
in  g  per  second  for  each  spiral  was  obtained  by  reading  off  the  slope  of  the  recording 
from  the  lateral  accelerometer  mounted  on  the  floor  of  the  observers  coach.  The  average 
lines  on  the  plotted  graphs  were  fitted  by  the  theory  of  least  squares.  The  width  of  the 
band  of  vibration  as  shown  by  the  dashed  lines  was  taken  as  plus  or  minus  2  times  the 
standard  deviation  of  the  error  of  estimate  so  as  to  include  95  percent  of  the  possible 
points.  While  there  is  considerable  scatter  in  the  plotted  points,  they  do  show  a  correla- 
tion between  ride  comfort  and  rate  of  change  of  unbalanced  acceleration  in  the  spirals. 
This  rate  of  change  of  unbalanced  acceleration  will,  of  course,  be  inversely  proportional 
to  the  length  of  spiral  for  a  given  circular  curve,  elevation  and  speed.  The  observers 
recorded  very  few  sensations  above  perceptible  on  any  of  the  curves,  and  consequently 
very  few  values  above  2.0  on  the  ride  index  scale  were  obtained.  This  was  the  result 
of  the  relatively  long  spirals  on  the  test  curves  and  the  small  roll  of  the  observers  coach 
giving  low  g-per-second  values  in  spite  of  the  higher  than  regular  schedule  speeds  of  up 
to  100  mph. 

Bull.  680 
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The  above  results  are  very  similar  to  those  reported  by  Loach  and  Maycock".  They 
also  had  considerable  scatter  in  their  observer  sensations  versus  g-per-second  plots  of 
their  first  tests  with  the  curves  in  an  "as  is"  condition.  After  lining  and  surfacing  the 
test  curves  the  results  shown  in  Fig.  12  were  obtained,  showing  excellent  correlation. 
Taking  their  average  sensation  number  of  3.2  equal  to  our  ride  index  of  2.0  (at  the 
margin  of  our  perceptible  and  strongly  noticeable  regions),  their  results  show  a  rate  of 
change  of  unbalanced  lateral  acceleration  of  0.04  g  per  sec  at  the  left-hand  edge  of  the 
variation  band  corresponding  to  this  ride  index  value.  The  value  of  0.03  g  per  sec 
previously  selected  is  more  conservative  to  provide  a  greater  degree  of  comfort  and 
allow  for  effect  of  variations  in  track  condition.  Figs.  10  and  11  give  comparable  values 
of  0.019  to  0.047  g  per  sec.  These  results  thus  give  similar  values  to  those  obtained  in 
the  British  tests  and  confirm  quantitatively  the  coefficient  of  the  basic  ride  comfort 
equation   Z,  =  1.63£„F. 

G.  LATERAL  FORCES  ON  LEADING  LOCOMOTIVE  TRUCK 

The  Appendix  gives  the  analytical  basis  for  calculating  the  lateral  force  on  the  lead- 
ing truck  of  a  locomotive  in  a  spiral  and  shows  that  it  consists  of  an  angular  accelera- 
tion component  and  an  unbalanced  centrifugal  force  component.  The  angular  accelera- 
tion component  is  required  to  accelerate  the  locomotive  angularly  in  a  horizontal  plane 
to  attain  the  constant  angular  velocity  it  will  have  in  the  circular  part  of  a  curve. 
Apphcation  of  the  formulas  in  the  Appendix  shows  that  for  the  usual  spiral  lengths  the 
angular  acceleration  component  is  less  than  IS  percent  of  the  total  lateral  force  for 
high  speeds  with  large  amounts  of  unbalance.  This  is  shown  by  the  lateral  force  values 
in  Tables  1  to  5. 

As  a  check  on  the  approximate  theory  of  the  Appendix  the  locomotive  axle  end 
thrusts  which  were  recorded  from  the  axle  load  cells  were  averaged  and  summed  to 
obtain  the  total  lateral  force  on  the  front  truck  of  the  locomotive.  These  recordings 
showed  that  the  maximum  lateral  force  occurred  at  the  junction  of  the  spiral  with 
the  circular  part  of  the  curve  as  was  expected  from  the  approximate  theory.  These 
maximum  values  were  plotted  versus  unbalanced  elevation  in  Fig.  13.  The  line  is  the 
theoretical  relation  between  unbalanced  elevation  and  unbalanced  centrifugal  force.  These 
plots  show  that  the  total  lateral  force  on  the  front  truck  of  a  locomotive  is  not  sig- 
nificantly larger  than  the  unbalanced  centrifugal  force  predicted  by  the  approximate 
theory.  It  may  be  noted  that  the  predicted  centrifugal  lateral  force  for  a  3.0  in  unbalance 
is  a  little  over  8000  lb,  which  is,  of  course,  the  amount  for  the  whole  truck.  The  varia- 
tions from  the  centrifugal  force  are  mostly  above  the  Hne  and  represent  the  additional 
amount  due  to  the  angular  acceleration  force  and  the  dynamic  action  of  the  locomotive 
as  affected  by  its  own  dynamic  characteristics  and  track  irregularities.  These  values  are 
averages  of  the  rather  irregular  variations  occurring  from  instant  to  instant  for  a 
given  wheel. 

The  distribution  of  the  lateral  loads  among  the  wheels  was  not  uniform,  though  the 
first  axle  generally  had  the  greatest  load  values,  being  as  much  as  15,300  lb  instantane- 
ously. However,  the  rear  axle  also  often  showed  large  values  at  the  same  time  or 
by  itself. 

H.  EFFECTS  OF  TRACK  VARIATIONS 

Oscillograph  recordings  of  some  of  the  most  noticeable  track  irregularities  are  repro- 
duced in  Figs.  16  to  19.  The  new  circuit  for  track  cross  level  measurement  and  the  new 
rate-of-turn  gyro  for  track  curvature  measurement  performed  quite  well.  The  accuracy 
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of  these  new  devices  was  evaluated  by  comparinf;  their  recorded  valiues  with  field 
measurements  of  a  number  of  the  test  curves.  Sets  of  these  field  measurements  for  two 
curves  are  reproduced  in  Fig.  20  and  may  be  compared  with  oscillograph  records  of  the 
same  quantities  in  Figs.  16  and  18.  This  comparison  shows  the  faithful  recording  of 
variations  in  track  cross  level  and  curvature  on  the  oscillograms.  Since  the  rate  gyro's 
electrical  output  is  proportional  to  speed,  the  actual  magnitude  of  the  curvature  must 
be  obtained  by  means  of  the  formula  shown  on  the  oscillogram.  .Apparently  the  yawing 
(nosing)  of  the  test  coach,  to  which  the  rate  gyro  responds,  follows  the  variations  in 
line  of  the  track  very  closely. 

It  is  interesting  to  note  some  of  the  track  irregularities  which  can  be  recognized  in 
the  oscillograms.  The  Bradford  Hills  Curve  in  Fig.  16  shows  .some  irregularities  in  the 
cross  level  channel.  Also,  comparison  of  the  cross  level  and  curvature  channels  shows 
that  the  elevation  is  run  out  on  to  the  tangent  for  a  considerable  distance  on  both  ends 
of  this  curve.  This  results  in  an  inward  car  body  roll  (Fig.  16)  and  an  inward  lateral 
acceleration  (Fig.  17)  as  shown  on  their  respective  channels.  The  somewhat  irregular 
line  of  Ronk  Curve  shows  up  in  the  curvature  channel  in  Fig.  18.  This  curve  indicates 
elevation  has  run  out  on  to  the  tangent  of  its  entering  spiral  but  not  on  its  leaving 
spiral.  It  is  believed  that  these  new  devices  could  find  important  applications  for  track 
inspection  and  relating  car  performance  to  track  variability  for  both  passenger  and 
freight    equipment,   particularly   "piggyback"   and   high-center-of-gravity   cars. 

Fig.  14  shows  the  relation  between  the  car  body  roll  angle  and  unbalanced  eleva- 
tion. The  car  body  roll  angle  data  were  obtained  from  extensometers  mounted  on  each 
side  of  a  truck  of  the  car  between  car  body  and  the  midpoint  of  the  equalizer  bars  and 
connected  in  a  circuit  so  as  to  give  the  algebraic  difference  between  their  deflections. 
The  figure  shows  that  the  car  has  a  small  ratio  of  roll  to  unbalance  as  compared  with 
some  passenger  car  previously  tested".  The  average  roll  angle  at  3.0  in  unbalance  is 
about  1.4  deg  which  compares  with  2.4  deg  for  some  other  passenger  cars  tested.  The 
figure  also  shows  that  the  track  curvature  data  as  measured  with  the  rate-of-turn  gyro 
were  at  least  as  good  as  the  tabular  values  of  curvature  supplied  by  the  railroad,  as 
evidenced  by  the  nearly  identical  slope  and  variation  in  the  upper  and  lower  plots.  The 
elevation  values  for  computation  of  the  unbalanced  elevation  were  also  obtained  from 
the  oscillograph  records  for  both  the  upper  and  lower  diagrams.  The  slope  of  the  average 
lines  and  the  width  of  the  band  of  variation  were  obtained  by  a  modified  method  of 
least  squares.  The  correlation  of  the  plotted  points  is  greatly  improved  over  that  obtained 
in  some  previous  tests  where  nominal  values  from  track  charts  were  used. 

I.  DISCUSSION  AND  RECOMMENDATIONS 

The  reported  results  have  approximately  confirmed  the  British  ride  comfort  results, 
though  there  is  more  scatter  in  the  plots  than  in  the  second  set  of  British  tests  shown 
in  Fig.  12.  The  British  found  similar  or  greater  scatter  in  their  first  set  of  tests  made 
with  the  track  in  an  "as  is"  condition,  but  a  good  correlation  was  obtained  after  alineing 
the  test  curves.  The  .A.AR  ride  comfort  results  were  for  the  track  in  the  "as  is"  condi- 
tion. The  results  would  have  been  more  conclusive  if  higher  values  of  ride  index  had 
been  obtained  to  extend  the  range  of  the  points.  The  low  values  obtained  even  at  the 
high  speeds  are  mainly  attributable  to  the  relatively  long  spirals  and  the  low  value  of 
the  car  body  roll  of  1.4  deg  with  .3  in  unbalanced  elevation.  Many  cars  will  roll  almost 
twice  as  much  at  the  same  unbalance.  The  roll  counteracts  the  beneficial  effect  of  the 
outer  rail  elevation  at  speeds  greater  than  equilibrium,  and  the  greater  the  roll  the  less 
the  effectiveness  of  the  elevation. 


100 Length    of    Railway    Transition    Spiral 

The  original  idea  that  there  would  be  a  large  initial  lateral  force  to  accelerate  the 
locomotive  in  angular  rotation  as  the  locomotive  entered  the  spiral,  which  would  be  a 
criterion  of  spiral  length,  has  been  disproven  by  the  revised  analysis  and  the  test  results. 
The  angular  acceleration  force  is  calculated  to  be  a  maximum  of  15  percent  of  the  total 
force  at  the  end  of  the  spiral  and  of  a  constant  value  in  the  spiral.  The  points  plotted 
from  the  load  cell  records  fall  near  the  line  for  the  calculated  centrifugal  forces  in 
Fig.   13. 

It  is  believed  that  the  previously  stated  purpose  of  the  tests — to  get  data  on  funda- 
mental factors  related  to  the  design  of  spiral  easement  curves — has  been  demonstrated 
by  the  preceding  results  to  a  reasonable  degree,  and  that  a  logical  basis  for  spiral  design 
may  be  proposed.  The  rate  of  change  of  acceleration  selected  from  the  British  tests  of 
0.03  g  per  sec  has  been  found  to  be  a  quite  conservative  value  and  is  proposed  for  use 
in  new  construction  or  cases  where  long  spirals  are  not  excessively  expensive.  This 
"desirable"  length  is  given  by  the  formula 

Z,  =  1.63  EuV  (based  on  0.03/2  g  per  sec,  not  including  roll  of  car) (1) 

where  E,,  is  the  unbalanced  elevation  and  V  the  speed  in  miles  per  hour.  This  formula  is 
equivalent  to  a  0.03  g  per  sec  rate  of  change  of  unbalanced  lateral  acceleration  acting 
on  a  passenger  for  a  car  with  an  average  roll  tendency  which  approximately  doubles 
the  acceleration  on  the  passenger.  If  the  formula  does  not  include  the  roll  effect,  a  rate 
of  change  of  0.03/2  or  0.01  S  g  per  sec  must  be  used  to  obtain  the  proper  spiral  length. 

Because  of  the  length  of  the  car  relative  to  the  spiral  and  possible  racking  and 
torsional  forces  as  discussed  in  Section  D,  it  was  considered  desirable  to  establish  a 
slope  limitation  in  the  use  of  the  above  formula  which  would  limit  the  racking  of  the 
car  to  approximately  1  in  at  diagonal  corners  for  an  8S-ft  car  with  the  usual  truck 
spacing  of  about  60  ft.  This  limitation  corresponds  to  a  slope  of  1/744,  and  the  length 
of  the  spiral  for  such  a  slope  is  given  by 

L  =  62  En   (based  on  1/744  maximum  slope)    (3) 

The  longer  of  the  two  lengths  given  by  Formulas  1  and  3  should  be  used.  The 
application  of  the  above  formulas  to  curves  of  various  degrees  and  speeds  corresponding 
to  3,  2  and  0  in  unbalance  is  illustrated  in  Tables  1  to  3.  Lengths  of  spirals  for  curva- 
tures, elevations  and  speeds  not  listed  in  the  above  tables  may  be  easily  calculated 
directly  from  the  formulas.  As  shown  in  Table  1,  the  ride  comfort  formula  applies  for 
most  cases  except  in  the  lower  right-hand  region  where  the  maximum  slope  formula  is 
used.  A  heavy  line  outlines  this  region  which  becomes  larger  with  lower  unbalances  and 
comprises  the  whole  of  Table  3  where  the  unbalanced  elevation  is  zero  and  the  slope 
formula  was  used  for  all  cases. 

It  is  recognized  that,  in  many  instances,  spiral  design  will  be  considered  for  estab- 
lished track,  where  the  conservative  values  of  Formula  1  may  result  in  expensive  line 
revision.  It  is  believed  that  use  of  a  value  of  0.04  g  per  sec  rate  of  change  of  unbalance 
acceleration  will  give  a  comfortable  ride,  especially  in  equipment  where  the  roll  is  kept 
to  a  minimum  value  and  the  track  is  well  maintained.  With  the  previous  assumption 
of  the  equivalence  of  3.0  in  unbalance  to  0.10  g  acceleration,  application  of  this  rate 
gives  the  following 

0.10  Eu 

3  5280 

0.04       -^   3600 
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L  =  1.22  EuV  (based  on  0.04/2  g  per  sec,  not  including  roll  of  car)    (4) 

The  ride  resulting  from  the  lengths  given  by  all  the  formulas  would  be  further 
improved  if  the  equipment  has  less  roll  than  assumed,  as  was  the  case  with  the  test  car, 
which  had  almost  half  the  assumed  roll.  Use  of  Equation  2  previously  given  will  indicate 
the  effect  of  the  roll  on  the  spiral  length.  The  same  maximum  slope  formula  should  be 
retained  for  use  with  either  ride  comfort  formula  as  a  minimum  value.  There  is  a  lack 
of  data  on  the  effect  of  speed  on  the  action  of  cars  where  the  slope  is  changing  so  as  to 
produce  a  twisting  of  the  car,  and  it  may  be  well  to  use  a  little  ilatter  .slope  in  cases 
where  speeds  are  above  80  mph. 

Application  of  Formulas  1,  .3  and  4  to  the  spirals  between  compound  and  reverse 
curves  will  present  no  difficulties  in  calculation.  The  algebraic  difference  of  E„  and  E„ 
between  the  circular  portions  of  the  compound  or  reverse  are  simply  substituted  in 
Formulas  1,  3  and  4  to  obtain  the  corresponding  spiral  lengths. 

The  spiral  lengths  obtained  with  the  present  AREA  Manual  formula,  L  =  1.17  EaV, 
for  3  in  of  unbalance  are  illustrated  in  Table  6.  Comparison  of  these  lengths  with  those 
of  Tables  1  and  4  obtained  from  the  recommended  formulas  show  that  the  present 
Manual  formula  gives  lengths  which  are  too  short  for  a  good  many  cases,  especially  for 
curves  with  small  elevations,  and  which  are  longer  than  necessary  for  light  curves  with 
large  elevations  at  high  speeds. 

Comparison  of  the  above  recommended  spiral-length  formulas  with  foreign  practice 
is  given  below. 

Great  Britain 

Expressing  the  recommended  limiting  values  of  Loach  and  Maycock'^'  in  formula 
form, 

L  =  0.65  EaV  (2J4  in  change  of  elevation  per  second) 

L  =  0.65  EuV  (0.038  g  per  sec,  not  including  roll  of  car) 

£.  =  25  Ea  (1/300  maximum  slope) 

The  largest  of  the  values  given  by  the  three  formulas  is  used. 

Japan 

Matsubara^"  gives  the  following  formulas  for  spiral  lengths  on  Japan's  new  high- 
speed line  where  maximum  speeds  are  200  km  per  hr  (124  mph). 

L  =  6.2  CnV 
L  =  7.5  CdF 

where  lengths  are  in  meters  and  V  is  in  kilometers  per  hour.  Converting  these  formulas 
to  English  units  gives, 

L  =  0.83  EaV  (1.76  in  change  of  elevation  per  second) 

Z,  =  1.01  EuV  (0.024  g  per  sec,  not  including  roll  of  car) 

The  principal  difference  between  the  above  mentioned  foreign  practice  and  our 
recommended  formulas  is  their  limitation  on  the  maximum  rate  of  change  of  elevation 
per  unit  time  (inches  per  second)  while  we  recommend  no  such  restriction.  This  would 
result  in  their  using  a  longer  spiral  than  with  our  recommended  formulas  in  a  few  cases 
where  the  speed  is  above  95  mph  for  the  British  formula  and  75  mph  for  the  Japanese 
formula.  Except  for  these  few  cases,  our  recommended  formulas  would  dve  longer  spiral 
lengths  than  the  British  or  Japanese  practice.  The  steeper  slope  permitted  by  the  British 
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is  probably  due  to  the  relatively  short  length  of  their  equipment.  The  truck  spacing 
of  the  Japanese  hiph-speed  (New  Tokaido  Line)  equipment  is  only  slightly  shorter  than 
our  passenger  equipment.  Excellent  summaries  of  foreign  practice  are  given  by  Matsu- 
bara'"  and  Thille'".  Our  recommended  formulas  are  of  similar  form  to  much  of  this 
practice,  with  the  exception  of  our  not  placing  a  limitation  on  maximum  rate  of  change 
of  elevation  per  unit  time.  However,  it  is  believed  that  the  flatter  slope  recommended 
makes  such  a  limitation  unnecessary  except  possibly  in  cases  of  extremely  high  speed. 
Tests  to  give  information  in  regard  to  effect  of  speed  in  this  respect  would  be  helpful 
if  schedules  are  to  be  increased  above  100  mph. 

APPENDIX 

Lateral  Forces  on  a  Locomotive  in  a  Transition  Spiral 

While  traversing  a  spiral  transition  curve  a  locomotive  (or  car)  is  accelerated 
angularly  in  a  horizontal  plane  to  attain  gradually  the  constant  angular  velocity  it  will 
have  through  the  circular  part  of  a  curve.  An  expression  for  this  angular  acceleration 
may  be  obtained  in  the  following  manner  for  a  spiral  of  conventional  design.  The  basic 
equation  of  such  a  spiraP  is 

where  A  is  the  angle  in  degrees  a  tangent  to  the  spiral  curve  makes  with  the  tangent 
track  at  any  point,  a  is  the  degree  of  curvature  change  per  foot  and  L  is  the  distance 
to  the  point  along  the  spiral  in  feet.  L  may  be  expressed  in  terms  of  v,  the  velocity  in 
feet  per  second  and  t,  the  time  in  seconds, 


L  =  vt 

A:^!/,    ^^^avH^ 

The  angular  acceleration  a.  is 

d'A          d  avH 
"'—  dt^    —  dt  100 

~  100 

This  is  the  angular  acceleration  in  a  horizontal  plane  of  a  tangent  to  a  moving  point 
on  a  spiral.  While  the  motion  of  a  locomotive  would  be  somewhat  different  because 
it  contacts  the  track  at  its  front  and  rear  trucks,  the  above  expression  for  a.  is  sufficiently 
accurate  for  a  locomotive  for  our  purposes.  The  above  shows  that  the  angular  accelera- 
tion a  of  a  locomotive  is  approximately  constant  while  traversing  a  spiral. 

The  angular  acceleration  of  a  locomotive  in  a  horizontal  plane  when  traversing 
a  spiral  requires  lateral  forces  to  be  developed  between  the  locomotive  and  track.  These 
forces  may  be  analyzed  by  the  following  inertia  force  method.  Considering  forces  parallel 
to  the  plane  of  the  track  at  any  point  on  a  spiral, 
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where,  P  is  the  lateral  force  in  pounds  on  the  leading  truck, 

0.0167  Cu  is  the  unbalanced  lateral  acceleration  in  g, 

Cu  is  the  unbalanced  elevation  in  inches  at  any  instant, 

W  (0.0167  eu)  is  the  inertia  force  in  pounds, 

W  is  the  weight  of  locomotives  in  pounds, 

a  is  the  angular  acceleration  in  radians  per  second, 

la  is  the  inertia  couple  in  pound-feet, 

/  is  the  polar  moment  of  inertia  of  the  locomotive  about  a  vertical  axis  through 

its  center  of  gravity  in  pounds  seconds"  feet, 
I  is  the  spacing  of  the  truck  centers  in  feet. 

Taking  moments, 

Pl  =  Ia  +  W   (0.0167  eu)   14 

Jo. 
Pz=-j-  +  y.W  (0.0167  eu) 

This  shows  that  the  force  P  on  the  leading  truck   (the  force  on  the  trailing  truck  is 

la 
smaller   than  P)    consists  of  ~r-  due  to   the  angular  acceleration  in  a  horizontal  plane 

and  yzW/g  (0.0167  eu)  due  to  unbalanced  centrifugal  force.  These  expressions  show  that 
while  a  locomotive  is  traversing  a  spiral  the  angular  acceleration  part  of  the  force  P 
remains  constant,  since  a  is  a  constant,  and  the  unbalanced  centrifugal  force  part 
increases  linearly,  reaching  a  maximum  at  the  junction  of  the  spiral  with  the  circular 
portion  of  the  curve.  Therefore,  the  force  P  reaches  a  maximum  at  this  junction. 

la 

/>„.„,  —  -J  -f  K.  Ty  (0.0167  Eu) 

where  £u  is  the  unbalanced  elevation  in  inches  in  the  circular  portion  of  the  curve. 
The  above  analysis  neglects  the  lateral  force  component  of  coupled  equipment. 

The  above  formula  can  be  applied  to  a  locomotive  of  37.S,000  lb  weight,  .?, 260,000  lb 
sec^  ft  polar  moment  of  inertia  and  41.5  ft  truck  centers  (Fairbanks-Morse  H24-66) 
as  follows: 

Angular  Acceleration  Part 
Dv 


Since  a  =: 


100  L 
and  L  is  the  length  of  spiral  in  feet, 


,  where  D  is  the  curvature  of  circular  portion  of  a  curve  in  degrees 
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/a 


_a I      Dy-   (    ^    \ 

I     ~    I     100  ZV  180/ 


Combining  constants  and  using  V  the  velocity  in  miles  per  hour, 

/g 1      /    DV" 

I     -~  2650    /      L 

Since  Er  =  0.00070  DV'-,  where  £,    is  the  equihbrium  elevation  in  the  circular  portion 
of  the  curve  in  inches, 

lo.  lEr 

-=  0.539 


Substituting  /  and  I  for  this  particular  locomotive, 

lo.  ( 3,260,000  \  Er  Er 

—  =  (0.539)  (      41.5      )-T  =  42,500  -j^ 

Centrifugal  Force  Part 

y.  W  (0.0167  £„)  =  y^  (375,000)  (0.0167  £„)  =  3130  £„ 

Therefore,  the  maximum  lateral  force  on  the  trucks  of  this  locomotive  (375,000  lb 
weight,  3,260,000  lb  sec^  ft  polar  moment  of  inertia  and  41.5  ft  truck  centers)  as  it 
traverses  a  spiral  curve  is, 

P„,a.,  =  42,500  -^^  +  3130  Eu 

Where  Er  and  Eu  are  the  equilibrium  and  unbalanced  elevations  in  inches,  respectively, 
on  the  circular  portion  of  the  curve  and  L  is  the  length  of  spiral  in  feet. 
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Fig.  1 — EP22  locomotive  and  P85H  coach  used  in  test  runs. 


Fig.  2 — Recording  oscillographs  and  amplifiers  in  instrument  room  of  coach. 
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Fig.  3 — Observers  recording  impressions  of  ride  when  entering 
and  leaving  curves. 
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Im^.   4 — Vertical   reference   and   rate-of-turn   gyroscopes   on   floor   of   coach. 


Fig.   5 — Vertical  and   lateral   accelerometers  on   tioor   ot    coach. 
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Fig,    6 — One    of    two    extensometers    connected    between    coach    body    and 
equalizer  bar  for  measuring  coach  body  roll,  and  axle  tachometer  generator. 


Fig.  7 — Special  locomotive  journal  cap  incorporating  strain  gage  load  cell 
for  measuring  axle  end  thrust. 
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Fig.  8 — Diagram  of  vertical  velocity  and  lateral  and  vertical  accelerations 
as  a  car  traverses  a  curve. 
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speed run 
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Fig.    11 — Relation  of   observers'  sensations    (ride  index)    to  rate  of  change 
of  unbalanced  lateral  acceleration  in  transition  spirals — Baltimore  run. 
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Fig.  13 — Relation  of  lateral  force  on  front  truck  of  locomotive  to  unbalanced 
elevation  at  start  of  circular  portion  of  curves. 
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electronic  circuits. 
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Fig.  20 — Field  measurements  of  curvature  and  curve  elevation. 
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TABLE  7  -  TEST  CURVES 
Philadelphia  High  S|x;ecl  Run 


WESTBOUND 

^ 

EASTBOUND 

Cun'ature 

Elevation 

Spiral 

Long  til 

Test 

CiiiTature 

Elevation 

Spiral 

Length 

Test 

Nominal 

Nominal 

feet 

Speed 

Nominal 

Nominal 

feet 

Speed 

Curve 

Mile  Post 

degrees 

inches 

East 

West 

mph 

degrees 

inches 

East 

West 

mph 

Whitford 

28.2  29.2 

0%' 

1 

128 

154 

90 

0°09 ' 

1 

2.56 

253 

80 

Bradford  Hills 

29.8  30.3 

3°07' 

G 

495 

526 

68 

3"07' 

G 

503 

504 

G7 

Quari-y 

30.3  30.8 

2"30' 

6 

5U3 

515 

74 

2030' 

G 

504 

49G 

70 

Chestnut  Street 

31.3  31.. 5 

l"45' 

6 

506 

507 

83 

1"45' 

G 

301 

302 

83 

Downingtown 

32.2  32.5 

1° 

3 

376 

378 

91 

I" 

3  1/2 

441 

442 

88 

Pans 

32.9  33.1 

0°52' 

3 

376 

372 

92 

0"52' 

2  3/4 

343 

342 

97 

E.of  MP  34 

33.5  34.0 

0°17' 

1 

201 

204 

94 

0"52' 

3 

- 

455 

101 

W.of  MP  34 

34.2  34.6 

0"20' 

1 

203 

131 

96 

1° 

3  1/2 

314 

- 

102 

Thorndale 

34.8  33.2 

- 

- 

- 

- 

- 

o"30' 

1  3/4 

444 

- 

102 

MP  33 

35.0  35.2 

0^4  3' 

1  3/4 

221 

220 

97 

- 

- 

_ 

- 

- 

Cain 

3G.8  37.3 

1° 

3  1/2 

444 

440 

98 

1" 

3  1/2 

438 

436 

103 

E.of  MP  38 

37.4  37.9 

^o 

3  1/2 

439 

435 

100 

1" 

3  1/2 

439 

439 

102 

High  Bridge 

38.4  39.1 

0   30' 

1  3/4 

187 

188 

101 

0°30' 

1  3/4 

351 

349 

101 

Bone  Mill 

39.4  39.9 

0"45' 

2  3/4 

346 

348 

100 

0°45' 

2  1/2 

511 

507 

102 

MP  41 

40.8  41.1 

0O46' 

2  3/4 

344 

344 

99 

OO46' 

2  1/2 

314 

314 

102 

Hopes 

41.3  41. G 

0°43' 

2  1/2 

319 

320 

99 

0°43' 

2  1/2 

313 

314 

102 

E.of  Parkesburg 

43.5  43.7 

0"23' 

1 

124 

126 

98 

0"23' 

3/4 

403 

203 

101 

Parkosburg 

43.9  44.0 

- 

- 

- 

- 

- 

0°30' 

1  1/4 

160 

159 

100 

Bridge  44.70 

44.6  44.9 

- 

- 

- 

- 

- 

0°30' 

200 

132 

93 

MP  45 

45.2  45.3 

0°30' 

1 

200 

204 

101 

0°30' 

212 

199 

92 

E .  of  Atglen 

4G.7  46.9 

0O30' 

1 

200 

201 

102 

OO3O' 

201 

203 

88 

North  Bend 

47.4  48.2 

2° 

6 

502 

497 

87 

2" 

G 

497 

498 

84 

Christiana 

48.348.7 

l" 

3  1/2 

442 

439 

86 

1° 

3  1/2 

434 

426 

85 

MP  49 

48.8  49.2 

1° 

3  1/2 

439 

434 

87 

1° 

3  1/2 

435 

438 

85 

MP  50 

49.8  50.1 

1° 

3  1/2 

437 

438 

84 

1" 

3  1/2 

460 

465 

78 

E .  of  Gap 

50.2  50. G 

2"07' 

5 

438 

438 

68 

2°07' 

5 

43G 

432 

67 

Gap 

50.8  51. G 

4° 

6 

446 

406 

56 

4° 

G 

- 

409 

54 

Eby's 

52.0  52.4 

4° 

6 

470 

474 

56 

40 

G 

405 

408 

5G 

K.I.  -  MP  53 

52.8  53.2 

2°07' 

6 

300 

501 

73 

2°07' 

G 

498 

502 

77 

Kinser 

53.7  54.0 

0"30' 

1  3/4 

403 

401 

87 

0°30' 

2 

400 

400 

97 

Vintage 

54.4  54. G 

O^SO' 

1  1/2 

186 

187 

93 

0"30' 

1  3/4 

221 

220 

99 

Leaman  Place 

55.8  56.7 

1° 

4 

492 

499 

102 

1° 

4 

498 

,500 

100 

E.of  Gordonville 

57.4  57.7 

U°40' 

2  1/4 

280 

277 

101 

0"40' 

2 

248 

246 

100 

E.of  MP  59 

58.4  59.0 

l"30' 

5  1/4 

439 

432 

93 

l"30' 

5  1/2 

687 

684 

93 

E .  of  Ronk 

59.3  59.7 

1°1C' 

4 

500 

501 

92 

I^IG' 

5 

35G 

357 

86 

Honk 

60.0  60. G 

2"07' 

6 

501 

493 

84 

2°07' 

6 

747 

535 

85 

Bird-In-Hand 

61.0  G1.5 

2° 

6 

490 

744 

S3 

2'' 

6 

742 

745 

83 

Mil  Creek 

61. G  G2.0 

1° 

3  3/4 

473 

4G7 

88 

1" 

3  3/4 

315 

316 

95 

MP  G3 

63.0  G3.5 

0°30' 

1 

122 

120 

93 

0"30' 

1  3/4 

339 

336 

96 

E.of  MPG4 

63.5  63.9 

1° 

3 

37  G 

375 

97 

1° 

3  1/2 

313 

315 

93 

MP  G5 

64.8  65. G 

0°20' 

1/2 

18G 

186 

99 

0°20' 

1 

186 

18G 

90 

Test  speeds  are  tlie  average  of  the  east  and  west  spiral  speeds. 
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TABLE  8  -  TKST  CURVES 
Ualliiiiorc  Kim 
Single  Track 


Curvature 

Elevation 

Spiral 

Length 

Westljound 

Eastlxiund 

Nominal 

Nominal 

feet 

Test  Speed 

Test  Speed 

Cur\c 

Mile  l\jsl 

degrees 

inches 

East 

West 

mph 

m|)h 

Mystic  yuairy  Rev. 

IS. 7  la.o 

G"45' 

'3  1/4 

277 

- 

34 

37 

Mystic  Quaiiw  Ko\-. 

f9.0  fS.2 

4"3S' 

1  1/2 

- 

187 

42 

34 

W.End  Rev.  MP  2<i 

20.1  20.4 

()" 

3 

124 

- 

40 

40 

to  Glonooc 

CorlKtt 

22.  U  22.1! 

3" 

1 

249 

2G1 

54 

60 

E .  uf  Monkton 

22. G  22. S 

l" 

1 

218 

1 53 

52 

54 

2nd.  W.  of  Moiiktuii 

2:i.3  23.  S 

G" 

G 

375 

- 

4G 

44 

W.  of  Blucmonl 

2.').0  2.").:j 

4''30' 

4  1/2 

- 

309 

49 

50 

MP2G 

2.-.. 9  2G.2 

2" 

3  1/2 

218 

245 

59 

61 

Graysloiu' 

27.0  27.2 

8" 

5 

437 

- 

32 

36 

.SiH-nci-r  cm 

29.. ">  29.  » 

5" 

- 

- 

- 

44 

46 

2nd.  W.  of  Walker 

■W.r,  30.  S 

6° 

- 

- 

- 

411 

41 

E.  of  Bent  ley  Springs 

:u.l  31.3 

-o 

G 

493 

434 

40 

40 

W.  of  Bi-ntley  Springs 

31.4  31.5 

o^ao- 

1 

125 

124 

39 

37 

E.  of  MPa2 

31. .5  31. S 

G" 

- 

- 

- 

39 

34 

Kev.  W.  uf  FreeUuid 

34.5  34.7 

2" 

2 

2.50 

249 

53 

56 

Rev.   W.  ol  Freehmd 

34.7  3.'..0 

,0 

2 

2.50 

249 

58 

58 

Sircwsbur> 

3S..)  38.7 

6" 

G 

377 

407 

44 

42 

Signal  Mti  Kev. 

39. G  39.7 

4" 

3 

189 

186 

50 

45 

Signal  ;t9b  Rev. 

39.7  39. » 

4" 

3  1/2 

190 

245 

49 

45 

MP  40 

40.0  40.2 

5" 

- 

- 

- 

48 

45 

Bridge  40.  M 

40.4  40. G 

4° 

3  1/2 

223 

21G 

49 

49 

1st.   E.  of  Seit/.land 

40.7  40. » 

1" 

1  1/2 

185 

186 

45 

49 

MP  4.-) 

44.9  45.2 

4° 

G 

399 

493 

44 

44 

Rev.E.  of  MP  4s 

47. G  47.7 

2" 

2 

187 

188 

45 

44 

Kev.E.  of  MP  46 

47 . 7  47 . 9 

2"30' 

2  1/2 

216 

214 

45 

46 

Glatfelter 

4».4  49.0 

3°30' 

5  1/2 

464 

- 

54 

53 

E.  of  Howard  Tunnel 

50.3  50. G 

4°  30' 

- 

- 

- 

40 

38 

W.Rev.VV.  ol  Hnward 

51.0  51.2 

G" 

4  1/2 

280 

280 

39 

40 

Brllhart 

52.2  52. G 

4'' 

- 

- 

- 

40 

39 

W.of  MP  34 

54.0  54. G 

4° 

5  1/2 

339 

- 

39 

40 

Test  speeds  are  the  average  of  the  east  and  west  spiral  speeds. 


Cut  Maintenance  Costs  With 
Dependable  Aeroquip  Hose  Lines 


Aeroquip  Flexible  Hose  and  Reusable 
Fittings  are  designed  to  cut  costs  two  ways: 
Dependable  replacement  lines  can  be 
assembled  quickly,  easily  in  your  shop  as 
they  are  needed.  There's  no  costly  in- 
ventory of  factory-made  lines;  a  few  coils 


of  bulk  hose  and  some  reusable  fittings 
meet  every  requirement.  Second,  you  save 
on  future  replacements  because  every 
Aeroquip  Fitting  is  detachable  and  com- 
pletely reusable.  Call  your  Aeroquip  Dis- 
tributor today! 


AEROQUIP  HOSE  LINES  FOR  RAILROADS 


For  Hot  Water,  Fuel  and  Lube 
Oils,  use  Aeroquip  1534  Hose  and 
Fittings.  Sizes  from  %"  to  2'/2  "  meet 
all  locomotive  and  equipment  require- 
ments. Special  high  temperature  hose 
types  also  available. 


For  Air  Brake  and  Signal  Lines, 

use  Aeroquip  1531  Air  Hose  and 
Fittings.  Hose  has  internal  reinforce- 
ment for  longer  service  life,  lower 
initial  cost. 


.eroquip 


mm 


AEROQUIP  CORPORATION  •  JACKSON,  MICHIGAN 
INDUSTRIAL   DIVISION 

INDUSTRIAL  PLANTS:   VAN   WERT,   O.;   BURBANK,   CALIF.;   DALLAS,  TEX.; 

PORTLAND,  ORE.;   CRANBURY,   N.J.;   ATLANTA,   GA. 

In  Canada:  Aeroquip  (Canada)  Ltd.,  Toronto  19,  Ontario 

In  Germany:  Aeroquip  G.m.b.H.,  Baden  Baden-Oos 

AEROQUIP  PRODUCTS  ARE   PROTtCTtO   BY   PATENTS   IN   U.S.A..   CANADA   AND  ABROAD 

FLEXMASTER  Is  an  Aeroquip  Trademark 

AEROQUIP   PRODUCTS  ARE   DESIGNED   FOR   BETTER   RAILROADING 


FLEXMASTER  Pipe  Coupling 


Borco  Railroad  Diesel 
Speed  Recorder 


Only  Aeroquip  offers  two  automatic 
diesel  fueling  systems 


AUTOJACK 
ELECTROMATIG 


The  only  completely 
automatic  track  surfacing 
machine  on  the  market 


Proven  in  operation  by  North  America's 
leading  railroads.  Complete  and  auto- 
matic control  of  surface  and  cross  level 
through  tangent  and  curve  territory 
regardless  of  height  of  lift. 

•  Combination  of  Autojack  and  Electromatic 
equals  or  improves  production  of  Electro- 
matic alone. 

•  Precision  of  lift  and  uniformity  of  compaction 
controlled  automatically. 


•  All  variations  in  lift,  level  and  run-out  con- 
trolled from  operator's  panel. 

•  Beam  "sighting"  for  utmost  precision. 

•  Front  buggy  self-propelled  ahead  of  tamper. 


TA  M  P  E  R    I  N  C.   53  Court  St.,  Plattsburgh,  N.Y. 


SALES  AND   SERVICE:   21 47  University  Avenue 
St.  Paul  14,  Minnesota 
Phone:  645-5055 
IN  CANADA    1  60  St.  Joseph  Blvd., 

Lachine  (Montreal),  P.O. 
Phone:  637-5531 
Your  enquiries  for  detailed  information  or  brochures  on 
Autojack  Electromatic  and  other  track  machines  ore  invited. 


A 16  TOOL 
COMPACT 
PRECISION 


THE  POWER  TO  DO  THE  JOB 


ELECTROMATIC  POWER  PLANT 


ELECTROMATIC  WORK  HEADS 


Does  the  toughest  job  of  spot  surfacing  between  cycle 

maintenance. 

Works  out-of-face,  sacrificing  only  Electromatic  speed, 

not  Electromatic  quality. 

Economically  constructed  — extends  its  utility  for  work 

behind  tie  gangs,  branch  line,  etc. 


U.S.A. 


G^^ 


Head  Office:  53  Court  St.,  Plattsburgh,  N.Y. 
Plant:  Rouses  Point,  N.Y. 
Parts  Depot:  2147  University  Ave.,  St.  Paul 
14,  Minnesota.  Phone:  645-5055 


In  Canada:  160  St.  Joseph  Blvd.,  Lachine, 
Quebec.  Phone:  637-5531 
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USE  TIE  PLATE 
lOQK  SPIKES 


One-piece  Design 

LOCK  SPIKES  hold  tie  plates  firmly  in  place  on 
cross-ties  and  bridge  timbers. 

LOCK  SPIKES  are  quickly  and  easily  driven, 
or  removed,  with  standard  track  tools. 

Driven  to  refusal,  the  spread  shank  is  com- 
pressed by  the  walls  of  the  hole.  Tie  plates  are  held 
against  horizontal  and  vertical  movement  under 
spring  pressure.  Play  between  the  spike  and  the 
hole  is  eliminated — abrasion  and  seating  of  tie 
plates  is  overcome. 

LOCK  SPIKES  hold  their  position  in  the  tie, 
and  redriving  to  tighten  the  plate  is  not  required. 
They  provide  a  quiet  and  strengthened  track. 

Annual  cost  of  ties  and  maintenance  expense  is 
reduced  by  extending  the  life  of  ties  and  holding 
gage.  Here  is  one  answer  to  conservation  of  ma- 
terials and  labor.  Write  for  free  folder. 

BERNUTH,  LEMBCKE   CO.,  INC. 

420  Lexington  Avenue,  New  York  17,  N.  Y. 


m- 


Actual 
Size 


The  custom-built  assembly  shown 
above  and  to  the  right  is  an  all-purpose 
rig  designed  to  give  maximum  flexibility 
in  coating  and  painting  work.  It  was 
designed  for  field  application  of  paints, 
lacquers,  vinyls,  cutback  asphalts, 
creosotes,  heavy  oils  and  greases. 

It  uses  the  economical  Graco  Hydra- 
Spray  Process,  and  proves  once  again, 
you  get  the  job  done  faster  and  better 
with  Graco  than  with  any  other  coat- 
ing system. 

If  speed  of  coating  application,  and 
material  savings  are  important  to  you, 
write  today  for  all  the  details  of  the 
Graco  Hydra-Spray  Process. 


FREE! 


Graco  Engineers  are  prepared  to  help  you  in  the  design  of  your 
paint  and  material  spray  assemblies.  Your  Graco  Railway  Rep- 
resentative will  be  glad  to  explain  the  many  benefits  of  this 
service.  Write  or  call  him  .  .  .  today! 


Graco 

GRAY  COMPANY,  INC. 

MINNEAPOLIS  1  3,  MINNESOTA 


RAILWAY  DEPARTMENT 

JOHN  P.  McADAMS,  Eastern  Sales  Representative 
2304  Wilson  Boulevard,  Arlington,  Virginia 


CHICAGO— (Broadview,  III.) 

R.  D.  Worley 

3030  South  25th  Ave. 

CLEVELAND 

M.  H.  Frank  Company,  Inc. 
1202  Marshall  Building 

HOUSTON 

Houston  Railroad  Supply  Co. 
1610  Dumble  Street 


PHILADELPHIA 

The  A.  R.  Kidd  Co. 

1036  Suburban  Station  BIdg. 

LOUISVILLE 

T.  F.  &  H.  H.  Going 
6308  Limewood  Circle 

ST.  LOUIS 

The  Carriers  Supply  Company 
818  Olive  Street 


NEW  YORK— Newark,  New  Jersey 

R.  A.  Corley 
744  Broad  Street 

SAN   FRANCISCO 

The  Barnes  Supply  Company 
1  41   Eleventh  Street 

TWIN  CITIES— St.  Paul,  Minn. 

The  Daniel  L.  O'Brien  Supply  Company 
Endicott-On-Fourth  BIdg. 


WASHINGTON— Arlington,  Va. 

Southeastern  Railway  Supply,  Inc. 
2304  Wilson  Blvd. 


MONTREAL— Onlario,  Canada 

International  Equipment  Co.,  Ltd. 
360  St.  James  Street  West 
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multi-purpose  tie  tamper 

a  tremendously  valuable  machine  on  any  railroad! 


YARD  WORK:  It  will  do  90%  of  all  re- 
quirements faster  and  better  than  can 
be  done  by  any  other  method  and  cut 
costs  to  a  new  low  minimum.  Tamping 
units  are  laterally  adjustable  by  hy- 
draulic rams  for  positioning  in  any 
desired  location  . . .  excellentfortamp- 
ing  turn-outs  as  well  as  yard  work. 

JACK  TAMPING:  It's  powerful,  fast, 
efficient— easily  keeps  ahead  of  pro- 
duction tampers. 

SPOTTING    AND    SMOOTHING:    The 

great  power  and  speed  of  the  tamping 
units  make  it  ideal  for  spotting  and 
smoothing  in  any  ballast  in  any 
condition. 


PRODUCTION  TAMPING:  An  excellent 
machine  for  moderate  to  high  raise 
work.  Produces  complete  consolida- 
tion of  ballast  in  out-of-face  raises, 
with  maximum  stability  right  under 
the  rail. 


No  other  machine  offers  such  a  wide 
range  of  usefulness.  It  can  be  most  prof- 
itably utilized  every  working  day  in  the 
year.  Let  us  furnish  complete  details. 


JACKSON 

IIIIMTIIIIS.r 

LUOINCTON,  MICHIGAN,  USA. 


R3  2A 


Machine  knocks  off,  ejects  ties,  lines  track  behind  plow  while  above  subgrade. 

Mannix  AUTO-TRACK 

liminates  15  to  20  Men 


PLOWING,  TIE  REPLACEMENT,  TRACK  ALINEMENT  are 
accomplished  faster  and  with  fewer  men  using  the  new 
Mannix   AUTO-TRACK   unit. 

Hydraulic  hammer  on  each  side  knocks  tie  down.  Con- 
veyor  belt   ejects   fie   to   either   side.  ^ 


J 


NOW,  lease  or  purchase  MANNIX  Auto-Track 
Equipment  to  operate  with  railroad  crew  for 
greatest  convenience  and  maximum  savings. 
Write  for  details.  Arrange  showing  of  operating 
films  with   no  obligation. 


Lining  head  controlled  by  levers 
near  rear  end  where  operator 
observes  alinement.  One  man 
replaces   lining   crew. 


MANNIX 

INTERNATIONAL 


Phone:   Liberty   5-0411 

Box   7485 

MINNEAPOLIS    22,    MINNESOTA 


at 

your 

service 


for 

all    types   of   cranes 

d  iese  I   wreckers 

pile   drivers 

buckets 


ORTON 


CRANE    &    SHOVEL    CO. 

608       S.       DEARBORN       ST. 
CHICAGO       5,       ILLINOIS 

JOHN    F.   McCULLOUGH 

President 
Representotivn    in    Principal     Cities 
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This  is  one  way  to  kill  weeds 


It's  the  hard  way.  So  forget  it.  The  easiest,  fastest,  most  effective  way 
is  with  these  borate  weed  killers:  MONOBOR-CHLORATE^  GRANULAR 
•  MONOBOR-CHLORATE  Track  Sprays  •  BENZABOR^  •  UREABOR®  • 
UREABOR  5D  •  UREABOR  8D  •  UREABOR  62 

With  one  simple  application,  these  borate  weed  killers  will  destroy 
weeds  and  grasses  about  trestles,  tie  piles,  grade  crossings,  yards, 
signals,  switches,  (or  wherever  a  weed  problem  exists)  for  a  year  or 
more.  All  are  extremely  effective,  yet  safe  to  use.  Easy  and  economical 
to  apply.  And  nonselective.  Most  roads  already  favor  borate  weed 
killers  for  year  'round  weed  control.  How  about  you?  Call  or  write 
today:  Railroad  Sales,  Marketing  >.>,>.>.v>.>.'..v*wl»4w 

Dept.,  U.S.  BORAX,  3456  Peterson 
Avenue,  Chicago  45,  Illinois.  (Phone: 
Independence  3-6262.  Code:  312) 


BORAX 


MODEL  441 

Developed  and  Built 
for  Railroad  Maintenance 

180''  BOOM  SWING 

dO€S  ALL  JOBSi 


LAYING  STANDARD  RAIL 


LAYING  WELDED  RAIL 


CUTS     MAINTENANCE     COST 


12  fASl  CHANGE  ATTACHMENTS 

•    Forks 


IVi   Cu.  Yd.  Bucket 

Tote  Hook 

18'  Boom  Extension 

Fork  Tie  Baler 

Track  Cleaning  Bucket 


Back  Hoe 

Clamshell 

Back   Filler  Blode 

Pull  Drag  Bucket 

4  Cu.  Yd.  Snow  Bucket 

Pile  Hammer 


Optional   Attachment 
Flanged   Wheels,  Hydraulically  Controlled 


PETTIBONE  MULLIKEN  CORPORATIO 

RAILROAD^^i^DIVISION 

141    W.  JACKSON*^^^^^=^  CHICAGO  4,  III. 

80  Years  of  Service 
to  the  Railroad  Industry 


9-  WIDE  TRACK  CLEANING  BUCKET 


IIMFM0VIE1D  JHIIFOW^EIE 


A  COMPLETE  LINE 
OF  SPRING  WASHERS 


THE  NATIONAL  LOCK  WASHER  CO. 

Newark  N.  J..  U.  S.  A. 
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Assure  lower  maintenance  costs, 
better  performance  with... 


V  .mm^^^Ji 
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TEXACO 

Petroleum  Products  and 
Systematic  Engineering 
Service 


■  ?^^iW??^^W: 


TEXACO  INC. 

RAILWAY  SALES  DIVISION 


NEW 


135  East  42nd  St.,  New  York  17,  N.  Y. 
YORK  .   CHICAGO   •   SAN  FRANCISCO  •  ST.  LOUIS  •  ST.  PAUL  •  ATLANTA 


Up  to  22  rail  anchors 
per  minute  with... 


NEW  1963  RACINE  Anchor-Fast 


JLhc  increased  speed  and  efficiency  of  this  new,  1963 
Racine  Anchor-Fast  can  save  you  extra  thousands  of  dollars 
a  year  on  rail  anchoring  and  tightening  operations.  Major 
improvements  include: 

POSITIVE  TRACK  ALIGNMENT 

New  side  guide-brackets  keep  nipper  assembly  straight  and 
steady;  position  it  perfectly  on  rail  regardless  of  track 
elevation  on  curves. 

GREATER  BOXING  PRESSURE 

New  built-in  boxing  cylinder,  which  replaces  two  smaller 

external  cylinders,  delivers  3,000  lbs.  pressure  —  an  increase 


of  300  per  cent  —  for  tighter  anchoring  of  all  types  of 
anchors.  An  Anchor-Tight  head  attachment  is  available  for 
this  machine  to  reset  anchors  that  are  not  against  the  ties. 

115  FEWER  PARTS 

Elimination  of  over  115  separate  parts  reduces  adjustments 
and  simplifies  maintenance. 

Write  today  for  further  information  on  the  new  1963 
Racine  Anchor-Fast.  Racine  Hydraulics  &  Machinery,  Inc.. 
Dept.    K93.  Racine.  Wisconsin. 


MODERNIZING  KIT  AVAILABLE  If  you  now  own  Racine 
Anchor-Fast  machines,  write  for  details  on  how  you  can 
convert  them  to  new  1963  models  at  modest  cost. 


Unit  Tamper  Portable  Portable  Rail  Saw  Anchor  Applicator 

Rail  Drill 


Rail  Drill&Saw 


Production  and 
Spot  Tampers 


THE  DOUBLE  U  RAIL  ANCHOR 

ACHUFF  RAILWAY  SUPPLY  CO. 
ST.  LOUIS,  MO. 


Notes  on 

Railraad  Location  and  Construction  Procedures 
from  the  School  of  Experience 

By  J.  A.   Given 

A  series  of  notes,  comments,  short-cut  methods  and  "tricks  of  the 
trade"  written  by  a  railroad  location  engineer  of  many  years  of 
practical   experience  for  the   benefit  of  young   engineers. 

Price  $0.50 

AMERICAN  RAILWAY  ENGINEERING  ASSOCIATION 

59   East  Van   Buren  Street 
Chicago  5,  III. 


with  America's  most  complete  line  of 
special  trackwork:  For  Railroads, 
Mines  and  Industries — A  complete 
line  of  frogs,  switches  and  crossini^s  • 
Trackwork  for  installation  in  paved 
areas  •  Manganese  steel  guard  rails 
•  A  Id  o  ma  tic  switch  stands  •  Samson 
switch  points •  Snow- Blowers  •  Switch 
point  guards  •  Rail  and  Jlange  lubri- 
cators •  Tie  pads  •  Racor  studs  •  Dual 
spike  setters  •  Dual  spike  drivers  • 
Car  retarders. 

with  America's  most  complete  track- 
work  manufacturing  facilities:  Coast 
to  coast  to  serve  your  needs. 


•►   RACOR  PLANTS: 

Buffalo  •  Chicago  Heights  •  Los  Angeles  • 
Niagara  Falls,  Ontario.  Canada  ■  Pueblo 
•  Superior. 

if  RACOR  SALES  AND  ENGINEERING 

Chicago  •  Cleveland  •  Denver-  Houston  • 
Los  Angeles  •  Louisville  •  New  York  • 
Philadelphia  •  Richmond  •  San  Francisco 
St.  Louis  •  St.  Paul.  In  Canada:  Dominion 
Brake  Shoe  Co.,  Ltd.,  Montreal,  Quebec 
■  Niagara  Falls,  Ontario  ■  Winnipeg. 
Manitoba  •   Vancouver,  B.  C. 

:{:  RACOR  RESEARCH: 

Chicago   •    Mahwah.  N.  J. 


with  America's  most  complete  track- 
work  engineering  service:  This  lies  in 
making  available  to  our  customers 
Racor's  engineering  experience — 
practical  experience  from  years  of 
designing  and  manufacturing  .  .  . 
advanced expcnence  solving  tomor- 
row's trackwork  problems  today  in 
Racor  research  laboratories. 

Why  not  let  us  help  you  with  your 
trackwork  problems? 


RAILROAD  PRODUCTS  DIVISION 
-<tSl>'  530  Fifth  Avenue,  New  York  36,  New  York 


Rrake  Shoe 


a 


Hirtibard  Super  Service  Alloy  Spring  Washers 

Hubbard  Super  Steel  Alloy  Spring  Washers 

Hubbard  Track  Tools 

Hubbard  Tool  Division 

UNIT  RAIL  ANCHOR  CORPORATION 

New  York  Pittsburgh  Chicago 


t 


NEW  YORK 


Unit  Rail  Anchor 

UNIT  RAIL  ANCHOR  DIVISION 

UNIT  RAIL  ANCHOR  CORPORATION 
PITTSBURGH 


^^ 


CHICAGO 


NEW  and  RELAYING 

RAIL 

Switch  Material  •  Tools 
Track  Accessories 

PILING 

Rental  Steel-Sheet  Piling 
Pipe  Pile  •  H-Bearing  Pile 

PIPE 

Tested  and  Structural 
All  Sizes  1/8"  thru  48" 
Valves,  Fittings,  Flanges 

Immediate  delivery 

from  Foster's  nationwide 

warehouse  stocks. 


Specialists  to  the  Railroads 


tLmcoMsaL^o 


Pittsburgh  New  York 

Cieveland  Chicago 

Los   Ange'es  Detroit 

San    Francisco  Houston 

Atlanta  Orlando 


Model  N  U  Tie  Cutter 


HERE  IS  THE  WINNING  TEAM 

The  Woolery  NU  Tie  Cutter  and  the  Woolery  Tie-end  Remover  preserve  the  line  and  surface 
of  the  track  and  at  the  same  time  reduce  the  cost  of  tie  renewals.  Ties  can  be  removed 
without  trenching,  jacking  up  track  or  adzing  lops  of  rail-cut  ties.  With  this  team  you  simply 
cut  both  ends  of  tie,  pry  out  center  piece,  insert  in  its  place  the  tie-end  remover  and  out 
go  the  tie  ends  pushed  by  the  double  acting,  double  ended  hydraulic  cylinder  of  the  Tie- 
end   remover. 


FOR  HIGHEST  EFFICIENCY  USE  TWO  TIE  CUTTERS  WITH  ONE  TIE-END  REMOVER 


WOOLERY  MACHINE  COMPANY 

MINNEAPOLIS,   MINN. 


Cly  WOODINGS-VERONA  TOOL  WORKS 

^^r  Pioneer  Monuiacturers 

oi 
HIGH  GRADE  TRACK  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 

Sine*  1873 


VERONA.  PA. 


CHICAGO.  ILL. 


w 

WOODINGS  FORGE  &  TOOL  COMPANY 

Makers 

of 

WOODINGS  RAIL  ANCHORS 

VERONA.  PA. 

CHICAGO. 

ILL. 

P.  O.  Box   10378 


Area   Code  305 
LOgan   6-7922 


GREENHEART,   INC. 

1431    N.  E.  26th  Street 
FORT  LAUDERDALE,  FLORIDA 

President — John   L.  McEwen — Quarter  Century  Experience 

IMPORTERS: 

GREENHEART— 3300F  Piles,   Lumber, 
Timbers  Long  Length 

MORA  EXCELSA — Lumber  and  Timbers 

MANBARKLAK— Piles 

ANGELIQUE  (Basra  Locus) — Piles,  Lumber  and  Timbers 
and   other   Woods   from 

Burma,   Siam,  Australia,   Africa   and   South   America 

Data  furnislied  on   request 


VEGETAIION  CONTROL 

CHEMICALS 


READE  MANUFACTURING  COMPANY,  INC. 

Jersey  City — Chicago — Minneapolis — Kansas 
City — Birmingham — Stockton 

SERVING  RAILROADS  OF  AMERICA  FOR 
MORE  THAN  FORTY  YEARS 
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This  is  muscle 


A  rail  anchor  with  the  brute 
strength  —  and  the  guts  —  to  grip  a  rail  and  hang  on.  A  rail  anchor  that 
has  more  than  enough  reserve  strength  for  reapplication.  And  the  way 
we  make  it  gives  it  the  temper,  the  spring,  to  fit  itself  to  variations  in  the 
edge  thickness  of  rail  bases.  No  shims.  That's  why  millions  of  True  Temper 
Channeloc®  rail  anchors  have  been  ordered  by  Class  1  roads.  True  Temper, 
Railway  Appliance  Division,  1623  a^mmm^^^m ^^^^^^^^m^^^ 
Euclid  Avenue,  Cleveland  15,  Ohio.  BTRUE  I EMPER, 

CHANNELOC^RAIL   ANCHOR 


Here  are  the  up-to-date  facts  on  the  SPENO  Ballast 
Cleaning  and  the  SPENO  Rail  Grinding  Services. 


BALLAST  CLEANING 


SPENO  Engineering  and  Research  has  de- 
veloped a  superior  screening  arrangement  so 
that  we  are  now  using  an  improved  Ballast 
Cleaner  with  greater  efficiency. 

RAIL  GRINDING 

Our  Rail  Grinding  Service  has  been  so  well 
received  —  we  now  have  Three  Rail  Grind- 
ing Trains  to  take  care  of  the  demand. 


SPENO  (I  constantly  developing  means  for 
better  service  to  make  sure  that  the  Railroads 
receive  everything  they  pay  for  —  and  more. 
Outside  North  American  continent: 

SPEMA  RAIL  SERVICES  S.A. 
Grand-Pont  2,  Lausanne,  Switzeriand 

Canadian  Sales  Representatives: 

THE  HOLDEN  CO.  LIMITED 

614St.  James  St.,  West 
Montreal,  Canada 
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FRANK  SPENO  RAILROAD  BALLAST  CLEANING  CO.,  INC. 


306  North  Cayuga  St. 
Ithaca,  N.  Y. 


THE  TRASCO  CAR  RETARDER 

HUNDREDS  IN  SERVICE 
IN  CLASS  YARD  TRACK 


TRACK  SPECIALTIES  COMPANY 

P.O.  BOX  729  WESTPORT,   CONNECTICUT 
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16 — Economics  of  Railway  Location  and  Operation 131 

14 — Yards  and  Terminals 147 

9 — Highways     167 

20 — Contract   Forms 177 

30 — Impact  and  Bridge  Stresses 187 

25 — Waterways  and  Harbors 191 

13 — Water,  Oil  and  Sanitation  Services 205 


The  reports  in  this  issue  of  the  Bulletin  will  be  presented  to  the  1964  Annual 
Meeting  of  the  Association  at  the  Pick-Congress  Hotel,  Chicago,  March  9-11. 
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(E)  Member  Emeritus. 

Those    whose    names   are    set    in    bold-face    type   constitute    the   Engineering   Division,    AAR,    Com- 
mittee 16. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

No  report  at  this  time.  Committee  is  continuing  work  on  revision  of  re- 
maining portions  of  Chapter  16,  and  a  report  will  be  submitted  for 
approval  as  soon  as  completed 

2.  Study  of  methods  of  analyzing  the  economics  of  railway  engineering  proj- 
ects designed  primarily  to  improve  the  quality  of  transportation  service 
No  report  at  this  time.  Various  phases  of  the  assignment  arc  being  studied 
by  committee  members. 

3.  Determination  of  maintenance  of  way  expense  variation  with  various  traffic 
volumes  and  effect  of  using  such  variations,  in  terms  of  equated  mileage  of 
other  derived  factors,  for  allocation  of  available  funds  to  maintenance 
of  way,  collaborating  with  Committees  11  and  22. 

No  report  at  this  time.  Additional  aspects  of  the  assignment  are  under 
study  by  the  committee.  Committee  expects  to  utilize  results  of  research 
study  on  "Feasibility  of  Determining  Track  Maintenance  Requirements  by 
Digital  Computer  Analysis"  in   progressing  the  assignment. 
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4.  Potential  applications  of  electronic  computers  to  railway  enfiincerin^  prob- 
lems in  research,  design,  inventory,  etc.,  collaborating  with  Committees  IJ 
and  30,  and  informally  with  the  Railway  Systems  and  Management 
Association. 

No  report  at  this  time.  Committee  is  studying  recent  developments  in 
application  of  small-.size  computers  for  specialized  engineering  and  mainte- 
nance purposes  and  is  continuing  its  review  of  available  programs  of 
potential  interest  to  engineers. 

5.  Methods  of  reducing  time  of  freight  cars  between  loading  and  unloading 
points,  collaborating  with  Car  Service  Division,  AAR,  Communication  and 
Signal  Section,  AAR,  Operating-Transportation  Division,  AAR,  and  Ameri- 
can  Association    of   Railroad   Superintendents. 

Progress   report,   submitted   as   information    page  133 

6.  Features  of  economic  and  engineering  interest  in  the  study,  design,  con- 
struction and  operation  of  new  railway  line  projects,  or  major  line  reloca- 
tions, proposed,  in  progress  or  recently  completed. 

Report  on  the  construction  of  Potash  Spur,  Denver  &  Rio  Grande  Western 
Railroad,  submitted  as  information    page  136 

7.  Applications  of  industrial  engineering  functions  to  the  railroad  industry. 
Progress   report,   presented  as  information    page  138 

8.  Innovations  in  railway  operations. 

Part  1.  Commuter  Operations    page  140 

Part  2.  Time  Versus  Tonnage   page  142 

Part  3.  Critical  Path   Method    page  144 

11.  Review  of  developments  in  new  methods  and  modes  of  transport. 

No  report  at  this  time.  Committee  is  recommending  to  Board  Committee 
on  Assignments  that  this  subject  be  consolidated  with  Assignment  8  and 
the  new  Assignment  modified  to  reflect  the  enlarged  scope  of  study. 

The  Committee  on  Economics  of  Railway  Location  and  Operation, 

T.  D.  WoFFORD,  Jr.,  Chairman. 
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Report  on  Assignment  5 

Engineering  Methods  of  Reducing  Time  of  Freight  Cars 
Between  Loading  and  Unloading  Points 

Collaborating  with  Car  Service  Division,  AAR,  Communications  and  Signal 

Section,    AAR,    Operating-Transportation    Division,    AAR,    and 

American  Association  of   Railroad   Superintendents 

W.  J.  Dixon   (chairman,  subcommittee),  Q.  K.  Baker,  P.  J.  Claffev,  G.  B.  Dutton,  Jr., 
L.  VV.  Haydon,  T.  D.  Kern,  J.  C.  Martin,  F.  N.  Nye,  J.  S.  Reed,  L.  K.  Sillcox. 

Your  committee  submits  the  foliowinf;  report  of  progress  in  examining  various 
aspects  of  the  problem  of  reducing  time  of  freight  cars  between  loading  and  unloading 
points  and  the  application  of  engineering  methods  to  effect  improvements  in  the  time 
required  for  such  movements,  loads  or  empty,  hereinafter  referred  to  as  freight  car 
transit  time 

This  report  should  not  be  construed  as  presenting  solutions  to  the  many  problems 
involved  in  reducing  time  of  freight  cars  between  loading  and  unloading  points.  Rather, 
the  relationships  indicated  in  the  accompanying  graphs  and  their  implications  from  the 
standpoint  of  transit  time  define  some  problem  perimeters,  suggest  possible  approaches, 
and  indicate  the  potential  usefulness  of  more  detailed  economic  evaluations  of  oppor- 
tunities for  applying  engineering  methods  and  other  techniques  to  the  improvement  of 
train  speeds  and  the  reduction  of  yard  handhng  of  cars  on  individual  railroads. 

The  significance  of  transit  time  to  shippers  and  receivers  of  freight  and  the  position 
of  the  railroads  relative  to  other  forms  of  transportation  in  this  regard  were  highlighted 
in  a  recent  committee  report  of  the  American  Association  of  Railroad  Superintendents. 
As  reported  in  Traffic  World,'  in  an  evaluation  of  nine  service  factors  affecting  shipper 
selection  of  transport  mode,  total  transit  time  was  second  in  terms  of  the  number  of 
responding  shippers  rating  it  as  important  to  their  business.  Compared  with  trucks  with 
respect  to  total  transit  time,  rail  service  was  considered  superior  by  none  of  the  respond- 
ents and  equal  to  that  of  trucks  by  only  five  percent  of  them.  With  the  advent  of  the 
concept  of  total  distribution  systems,  in  which  transportation  is  only  one  part,  transit 
time  may  involve  not  only  the  period  of  freight  car  movement  from  shipper's  dock  to 
consignee's  dock,  but  all  of  the  segments  of  time,  including  warehousing,  transhipping, 
and  order  processing,  comprising  the  total  requirement  to  get  a  product  to  a  customer 
after  it  has  been  ordered.  Carload  transit  time  must  therefore  be  geared  to  distribution 
patterns  and  schedules,  once  these  have  been  established,  and  to  accomplish  this  objec- 
tive, a  control  procedure  must  be  instituted  to  administer  the  freight  car. 

In  recent  years,  much  of  the  engineering  effort  of  the  railroads  has  been  directed 
toward  the  objective  of  enabling  freight  trains  to  operate  at  higher  speeds.  Physical 
changes  have  been  made  to  eliminate  speed  restrictions,  line  changes  have  been  under- 
taken to  shorten  distances,  grades  and  curvature  have  been  reduced,  and  roadbeds  have 
been  strengthened  and  improved.  On  the  mechanical  .side,  higher  horsepower  has  been 
built  into  diesel  locomotives,  and  car  trucks  and  braking  .systems  have  been  redesigned 
to  facilitate  high-speed  operation.  Fast  freight  trains  have  been  introduced  to  compete 
with  over-the-road  trucks  and  attract  traffic  back  to  the  rails. 

If  freight  car  transit  time,  loaded  or  empty,  is  reduced,  this  should  be  reflected  in 
the  ability  of  a  railroad  or  network  of  railroads  to  handle  a  given  volume  of  business 
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with  fewer  cars.  Consequently,  if  higher  freight  train  speeds  are  contributing  to  a  reduc- 
tion in  carload  transit  time,  there  should  be  a  correlation  between  freight  train  speed 
and  car  requirements  related  to  traffic.  In  the  accompanying  graph.  Fig.  1,  using 
published  data  for  Class  I  U.  S.  railroads  in  1962,"  serviceable  cars  on  line  per  million 
gross  ton  miles  have  been  plotted  against  corresponding  overall  average  train  miles  per 
train  hour  for  all  railroads  with  more  than  10  billion  gross  ton  miles  of  freight  cars, 
contents,  and  cabooses  annually.  While  admittedly  subject  to  the  shortcomings  of  aver- 
ages, in  the  absence  of  more  specific  information,  the  relationship  thus  indicated  appears 
to  substantiate  the  hypothesis  that  car  requirements  vary  inversely  with  system  train 
speeds  and,  therefore,  measures  taken  to  increase  train  speeds  will  have  a  favorable 
impact  on  carload  transit  time.  In  other  words,  the  time  gains  implicit  in  increased 
train  speeds  do  not  seem  to  be  nullified  by  other  factors  which  may  influence  the  con- 
duct of  railroad  operations,  such  as  holding  trains  for  tonnage  or  numerous  yardings 
of  cars. 

A  further  indication  of  the  effect  of  freight  train  speeds  on  transit  time  will  be 
found  in  the  graph.  Fig.  2,  in  which  car  mUes  per  serviceable  car  day  for  the  same 
Class  I  roads  are  shown  to  be  directly  proportional  to  average  freight  train  speed. 
Using  this  graph,  it  will  be  observed  that  railroads  with  average  freight  train  speeds  in 
the  higher  ranges  obtain  substantially  better  mileage  per  serviceable  car  day  than  those 
whose  train  speeds  are  slower,  the  increments  theoretically  being  available  for  translation 
into  reduced  transit  time  relative  to  a  given  length  of  haul. 


^  From    Operating   Statistics,    O.    S.    Series   No.    204, 
American    Railroads,   Washington,   D.   C,   April,    1963. 
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In  recent  >ear,s,  much  railroad  engineering  activity  has  centered  about  the  design 
and  construction  of  modern  yards,  the  purpose  of  which  has  been  to  expedite  traffic 
and  reduce  switch  engine  requirements,  particularly  by  closing  smaller  yards  and  con- 
centrating classification  at  fewer  locations.  It  would  also  be  reasonable  to  assume  that 
the  use  of  more  switch  engines  or  the  expenditure  of  more  switch  engine  hours  to  pull 
and  spot  cars  at  origins  and  destinations  could  reduce  carload  transit  time.  In  the  graph 
labelled  Fig.  3,  car  miles  per  serviceable  car  day  have  been  plotted  against  car  miles 
per  yard  engine  hour,  using  data  for  the  same  railroads  considered  above.  It  will  be 
noted  in  this  ca.se  that  the  farther  cars  go  without  the  intervention  of  yard  switching, 
the  higher  the  related  figure  of  car  miles  per  serviceable  car  day  becomes,  again  on  the 
average.  While  the  relationship  shown  in  this  graph  does  not  necessarily  preclude  the 
possibility  of  bettering  transit  time  by  using  additional  yard  engine  hours  at  origin  and 
destination,  it  does  indicate  that,  overall,  car  miles  per  serviceable  car  day  vary  inversely 
with  yard  engine  hours,  leading  to  the  conclusion  that  engineering  improvements  in 
yard  facilities  and  operations  can  assist  in  accomplishing  the  objective  of  reducing 
carload  transit  time  as  well  as  produce  economies  in  the  employment  of  yard  engines. 
It  is  recognized,  of  course,  that  other  factors  influence  this  relationship,  such  as  the 
geography  of  a  railroad  with  long  distances  between  yards.  However,  to  the  extent 
that  railroads  with  adverse  physical  characteristics  can  simulate  the  advantages  of  those 
more  favorably  situated,  by  such  means  as  minimizing  the  number  of  yard  locations 
and  adoption  of  modern  operating  techniques,  their  position  will  be  improved. 


This  report  is  submitted  as  information,  with  the  recommendation  that  the  assign- 
ment be  continued. 

Report  on  Assignment  6 

Features  of  Economic  and  Engineering  Interest  in  the 

Study,    Design,    Construction    and    Operation    of 

New   Railway   Line   Projects,   or   Major   Line 

Relocations,  Proposed,  in  Progress,  or 

Recently  Completed 

H.  L.  Woldridge  (chairman,  subcommittee),  A.  N.  Brauer,  J.  L.  Charles,  L.  W.  Haydon, 
H.  C.  Hutson,  H.  A.  Lind,  J.  C.  Martin,  F.  N.  Nye,  T.  M.  Scott,  G.  S.  Sowers. 

Potash  Spur — Denver  &  Rio  Grande  Western  Railroad 

By  E.  H.  WARING 

Chief    Engineer,    Denver    &    Rio    Grande    Western    Railroad 

The  Potash  Spur,  35.7  miles  long,  was  constructed  by  the  Rio  Grande  in  the  latter 
part  of  1961  and  during  1962  to  serve  the  Texas  Gulf  Sulphur  Corporation.  The  plant 
site  of  this  company  is  in  the  Colorado  River  Canyon  approximately  20  miles  down 
the  river  from  Moab,  Utah,  where  the  company  will  load  potash  from  a  deposit  reported 
to  be  the  largest  such  deposit  in  the  world.  The  construction  cost  of  the  plant  site  was 
approximately  $13,000,000.  The  work  required  drilling  a  shaft  22  ft  in  diameter  and 
2800  ft  deep.  The  plant  is  quite  modern,  with  two  large  storage  warehouses,  650  ft  long 
by  150  ft  wide,  in  addition  to  other  processing  equipment. 
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The  turnout  for  the  spur  is  on  the  main  line  of  the  Rio  Grande  approximately 
84  miles  west  of  Grand  Junction,  Colo.,  in  the  State  of  Utah.  The  elevation  at  the 
junction  point  with  the  main  line  is  4900  ft,  and  the  elevation  of  the  trackage  at  the 
plant  site  is  3960  ft.  The  maximum  grade  for  loads  from  the  plant  is  1.2  percent.  The 
first  19  miles  of  the  35.7  total  length  of  the  spur  run  across  arid  desert  country  where 
comparatively  little  grading  was  required.  From  this  point  the  grading  became  quite 
heavy,  with  numerous  cuts  and  fills.  There  is  a  grade  separation  with  U.  S.  Highway 
160  at  M.P.  14.5.  At  the  top  of  Moab  Canyon  there  is  a  cut  approximately  8000  ft 
long  with  a  maximum  depth  of  117  ft.  The  major  portion  of  this  cut  is  in  solid  sand- 
stone. At  M.  P.  28  the  track  enters  a  tunnel  7100  ft  long.  The  tunnel  has  a  curvature 
of  1  deg  for  a  distance  of  3000  ft  and  4100  ft  of  tangent. 

Five  different  geological  sandstone  formations  were  drilled  through:  the  Cutler, 
Moenkipie,  Chinle,  Wingate  and  Kayenta.  The  Navajo  formation  was  encountered  in 
the  drilling  in  Bootlegger  Canyon,  into  which  the  track  enters  from  the  west  portal 
of  the  tunnel.  This  canyon  is  quite  narrow  and  adorned  on  one  side  by  beautiful  arches 
and  many  weird  rock  formations.  After  traversing  Bootlegger  Canyon  for  a  short  dis- 
tance, the  track  crosses  the  canyon  and  winds  through  another  deep  sandstone  cut  into 
the  Colorado  River  Canyon.  From  that  point  to  the  plant  it  parallels  a  new  highway 
at  approximately  water  grade.  On  both  sides  of  this  canyon  the  rock  formations  are 
200  to  300  ft  high  and  of  various  shapes  and  formations. 

All  the  grading,  and  the  construction  of  the  tunnels,  bridges  and  culverts  for  the 
first  31  miles  of  the  spur,  were  done  by  Morrison-Knudson  Construction  Company. 
The  last  four  miles  were  constructed  by  W.  W.  Clyde  Construction  Company  in  con- 
nection  with   construction   of  the  highway  paralleling  the  track. 

Construction  of  the  entire  spur  involved  the  excavation  of  approximately  1,200,000 
cu  yd  of  solid  rock,  800,000  cu  yd  of  loose  rock  and  840,000  cu  yd  of  common;  and 
the  placement  of  8570  lin  ft  of  culvert  pipe  and  630  ft  of  steel  bridges.  There  are  a 
total  of  five  bridges,  crossing  drainage  areas  consisting  of  dry  washes.  The  tunnel 
required  approximately  98,000  cu  yd  of  excavation;  445  ft  of  the  tunnel  is  lined  with 
steel  sets  and  concrete.  Gunite  was  applied  to  4550  ft.  The  two  portals  are  also  of 
concrete. 

The  following  equipment  was  used  by  one  of  the  contractors:  one  7i/^-yd  dragline, 
one  5-yd  shovel,  one  4^-yd  shovel,  two  2J^-yd  shovels,  one  ^-yd  dragline,  13  bull- 
dozers, six  scrapers,  two  cans,  16  trucks,  10  rock  wagons,  14  air  track  drills,  18  air 
compressors  and  3  patrol  blades.  Indicative  of  the  amount  of  rock  excavated  on  the  job, 
M-K  used  3,100,000  lb   of  explosives,  including  dynamite  and  prills. 

The  track  laying  was  handled  by  railroad  forces,  starting  the  first  part  of  April 
1962  with  a  24-man  gang,  which  was  later  increased  to  approximately  35  men.  The  ties 
are  7  in  by  9  in  by  8  ft,  native  treated  pine  and  spruce.  The  ballast  material  for  the 
first  10  miles  is  volcanic  ash  and  for  the  remaining  portion  of  the  spur,  precious-metal 
slag.  The  rail  is  all  second-hand  112  lb,  with  the  exception  of  about  3  miles  of  131 -lb 
second  hand.  The  major  portion  of  the  material  and  fastenings  was  salvaged  from  a 
main  line  rail  change  and  stockpiled  at  the  junction  point  of  the  spur  and  the  main 
line.  Ties  were  distributed  in  bundles  by  trucks;  crawler-mounted  machines  were  used 
to  load  and  unload  them  on  the  grade.  A  front -end  loader  was  used  to  distribute  ties 
where  the  bundles  had  been  placed.  The  rail  was  distributed  by  low-boys,  which  were 
loaded  from  the  stockpile  with  a  crawler-type  machine  and  unloaded  with  a  rubber- 
mounted  crane.  .\  mounted  crane  was  also  used  to  place  the  rail  on  the  ties.  Power 
bolting   machines   and   pneumatic   .spike   drivers   were   used   in   the   construction   of   the 
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track.  The  first  raise  was  made  by  use  of  a  raising  machine  with  sled  attachment.  The 
final  resurfacing  was  done  by  a  power  tamper  with  power  jacks.  A  track-lininp  machine 
was  used  for  the  final  lining.  The  entire  trackage  was  completed  to  the  plant  site  the 
latter  part  of  October  with  enough  ballast  in  place  to  run  trains  to  the  end  of  the  track. 
The  final  four  miles  of  surfacing  was  completed  in  the  spring  of  1963. 

The  tunnel  bore  was  completed  June  11^  1962.  At  that  time  a  narrow-gage  track 
used  by  the  contractor  for  tunnel  cars  was  removed  and  the  standard-gage  track  placed 
through  the  tunnel.  The  concrete  and  gunite  work  was  progressed  afterward. 

A  project  engineer  was  assigned  to  the  job,  using  a  half-ton  pick-up  truck  equipped 
with  a  radio.  This  radio  was  tied  into  a  microwave  channel  so  that  constant  com- 
munication was  available  between  the  project  engineer  and  both  the  Salt  Lake  City 
and  Denver  offices  of  the  Rio  Grande.  Two  engineering  assistants  were  assigned  to  the 
job,  one  for  inspection  of  culverts,  bridges,  etc.,  and  the  other  to  take  care  of  the  field 
work  and  contractor's  charges,  at  the  same  time  making  field  check  for  final  reporting 
to  the  Interstate  Commerce  Commission. 

It  is  estimated  that  the  entire  cost  of  the  line  will  amount  to  $8,700,000,  of  which 
approximately  $2,700,000  is  the  cost  of  the  tunnel. 


This  report  is  presented  as  information,  with  the  recommendation  that  the  assign- 
ment be  continued  . 


Report  on  Assignment  7 

Application   of   Industrial    Engineering   Functions 
to    the    Railroad    Industry 

G.  S.  Sowers  (chairman,  subcommittee),  G.  G.  Alison,  G.  A.  Bennewitz,  Jr.,  W.  G. 
Byers,  H.  B.  Christianson,  Jr.,  W.  J.  Dixon,  F.  A.  Koomanoff,  T.  C.  Nordquist, 
V.  J.  Roggeveen,  J.  J.  Stark,  Jr.,  L.  E.  Ward. 

Your  committee  submits  the  following  report  of  progress  on  Assignment  7. 

Two  major  objectives  of  industrial  engineering  are  the  establishment  of  progressive 
techniques  and  the  utilization  of  new  sciences.  Industrial  engineering,  for  most  railroads, 
is  an  unknown,  and  what  it  means  or  can  do  is  shrouded  in  terms  and  phrases  that  are 
unfamiliar  to  most  railroaders. 

Historically,  "industrial  engineer"  usually  brings  to  mind  such  definitions  as  "effi- 
ciency expert"  or  "stop  watcher",  terms  that  are  not  apt  to  convince  anyone  of  a  need 
for  such  services.  lE's  are  overcoming  this  reluctance  by  proving  that  their  main  concern 
is  to  improve  both  profit  and  jobs. 

The  objectives  stated  above  require  both  promotional  and  educational  activity  by 
all  industrial  engineers  and  strong  management  support.  A  recent  article  in  Modern 
Railroads  accomplished  a  great  deal  in  telling  railroads  what  an  industrial  engineer  is 
and  does.  Nothing,  however,  speaks  as  well  as  success.  Your  committee  will  be  reporting 
in  subsequent  reports  on  those  areas  where  industrial  engineering  techniques  have  been 
utilized  and  the  results  of  such  utilizations. 

Education  should  begin  with  explanations  of  the  vague  and  seemingly  mysterious 
terms  that  the  profession  uses.  Our  approach  has  been  to  set  down  brief  definitions  of 
some  of  the  terms  in  use.  The  definitions  are  classified  into  two  general  headings; 
classical  and  modern  industrial  engineering  methods. 
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CLASSICAL   INDUSTRIAL   ENGINEERING   METHODS 

1.  Methods  Engineering.  The  design  of  more  effective  working  methods  resulting 
in  maximum  economic  improvement  through  the  application  of  analytical  techniques 
in  the  study  and  development  of  operations,  procedures,  and  systems. 

2.  Production  Measurement.  The  establishment  of  predetermined  yardsticks  by 
which  a  comparison  of  planned  vs.  actual  can  be  made  through  use  of  control 
information. 

3.  Production  Planning,  Forecasting,  and  Control.  The  process  of  determining  the 
method  of  production  to  realize  optimum  use  of  resources  (men,  equipment,  materials)  ; 
predicting  the  required  level  of  production,  including  probable  variations,  and  deter- 
mining the  resources  necessary  for  this  level  of  production  in  accordance  with  the 
production  plan;  governing  the  level  of  production  as  variations  in  production  require- 
ments become  known  so  that  resources  are  provided  in  adequate  quantity  but  are  not 
wasted. 

4.  Quality  Control.  A  system  of  inspection,  analysis,  and  action  applied  to  an 
operating  process  to  achieve  desired  quality  levels  at  minimum  costs. 

5.  Plant  Location  and  Layout.  The  study,  evaluation,  and  selection  of  a  facility 
location,  both  area  and  site,  through  analysis  of  all  cost  and  service  factors;  and  the 
design  of  the  physical  arrangement  of  the  facility  which  results  in  the  most  economical 
operation. 

6.  Inventory  Control.  The  design  of  inventory  systems  which  result  in  optimum 
stock  levels  through  determination  of  levels  to  minimize  total  inventory  costs  (includes 
analysis  of   purchasing  procedures  when  applicable) . 

MODERN    INDUSTRIAL    ENGINEERING    METHODS 

1.  Models.  The  graphical,  logical,  or  mathematical  representations  of  operating 
systems. 

2.  Programming.  The  mathematical  techniques  used  to  select  the  best  of  several 
solutions;  the  optimum  course  of  action  to  choose  for  problems  dealing  with  the  inter- 
action of  several  variables  subject  to  the  conditions  that  restrain  the  solution. 

3.  Queueing  Theory.  A  mathematical  technique  employed  to  minimize  operatini; 
costs  and/or  delays  associated  with  service  facilities  having  random  demand  fluctuations. 

4.  Simulation  Techniques.  Those  mathematical  and  logic  procedures  used  to  study, 
measure,  and  predict  the  results  of  operating  systems  in  advance  of  installation  of  the 
system. 

5.  Statistics.  The  application  of  mathematical  techniques  in  the  assembly,  analysis, 
and  interpretation  of  collections  of  data  for  planning  and  controlling  organizational 
activities. 

6.  Human  Engineering.  The  design  and  arrangement  of  equipment  and  facilities 
with  the  capabilities  and  limitations  of  the  operator  in  mind  to  obtain  maximum 
efficiency  in  a  man-machine  system. 


This   report   is   presented   as   information   and   your   committee   requests   that   this 
subject  be  continued. 
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Report  on  Assignment  8 

Innovations  in  Railway  Operations 

A.  L.  Sams  (chairman,  subcommittee),  J.  \V.  Barriger,  G.  A.  Bennewitz,  A.  J.  Gcll- 
man,  G.  E.  Hartsoe,  F.  A.  Koomanoff,  R.  J.  Lane,  J.  S.  Reed,  F.  J.  Richter,  L.  K. 
Silicox,  C.  W.  Sooby. 

Your  committee  presents  its  report  on  Assignment  8  in  three  parts,  all  as  informa- 
tion, as  follows:  Part  1 — Commuter  Operations;  Part  2 — Time  Versus  Tonnage;  and 
Part  3— Critical  Path  Method. 

Part    1 — Commuter   Operations 

In  recent  years,  traffic  consultants  and  city  planners  are  becoming  aware  that  high- 
ways are  not  the  ultimate  answer  to  all  our  passenger  transportation  requirements. 
More  and  more  questions  are  being  asked  about  the  advisability  of  superhighway  con- 
struction in  urban  areas.  Economic  questions  are  arising  about  the  cost  of  driving  to 
work  versus  riding  on  a  pubHc  transportation  system,  about  the  high  cost  of  highway 
construction  and  about  the  loss  of  taxes  and  income  from  property  converted  to  high- 
way use.  Automobile  accidents  are  now  a  national  problem.  Air  pollution  is  becoming 
a  major  nuisance  in  many  urban  areas  and  a  serious  health  problem  in  those  where 
atmospheric  conditions  prevent  a  diffusion  of  exhaust  gases. 

Good  transportation  has  always  been  one  of  the  essentials  of  metropolitan  growth. 
Greater  centralization  and  increase  in  population  will  continue  the  expansion  of  our 
cities  into  the  suburban  and  surrounding  rural  areas.  Fast  efficient  intraurban  trans- 
portation will  become  more  vital  in  the  future  than  it  has  been  in  the  past. 

Out  of  all  this,  one  clear  fact  is  emerging:  While  the  convenience  and  flexibility 
of  the  automobile  make  it  most  suitable  for  travel  between  outlying  points  where 
volume  is  relatively  low,  rapid  transit  or  commuter  railroad  operations  are  necessary 
for  the  heavy  movement  to  the  central  area  in  the  morning  and  the  return  in  the 
evening.  The  truth  of  this  statement  is  being  confirmed  in  many  cities  where  studies 
of  transportation  problems  have  been,  or  are  being  made. 

San  Francisco  Studies 

A  good  example  is  San  Francisco.  Although  this  metropolitan  area  had  been  served 
in  the  past  by  a  substantial  rail  commuter  service,  much  of  it  has  now  been  abandoned 
in  favor  of  an  extensive  network  of  superhighways.  The  volume  of  traffic  created  by 
a  rapidly  expanding  population  has  overloaded  the  highway  system  to  the  extent  that 
the  need  for  rail  rapid  transit  became  apparent.  In  1957,  after  a  six-year  study,  the 
San  Francisco  Bay  Area  Rapid  Transit  District  was  created  by  the  California  Legisla- 
ture to  prepare  the  plans  for  the  rapid  transit  system.  Engineering  and  financing  plans 
were  completed  in  1962  and  submitted  to  the  voters  in  the  three  counties — Alameda, 
Contra  Costa  and  San  Francisco — comprising  the  BARTD.  By  a  61  percent  majority, 
the  $7Q2  million  general  bond  issue  necessary  to  finance  the  rapid  transit  system  was 
approved.  The  BARTD  plan  contemplates  the  construction  of  75  miles  of  two-track 
line  radiating  in  several  directions  from  the  downtown  San  Francisco-Oakland  central 
area.  About  31  miles  will  be  elevated,  24  miles  at  grade,  and  the  remaining  20  miles 
(including  a  4-mile  tube  under  San  Francisco  Bay)   will  be  below  ground. 

Being  a  new  system,  the  BARTD  is  not  handicapped  by  the  restrictive  labor  prac- 
tices, outmoded  operating  procedures  and  obsolete  physical  plant  and  equipment  preval- 
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ent  in  most  rail  rapid  transit  systems.  It  contemplates  a  completely  modern  facility. 
Monorail  and  other  unusual  types  of  vehicles  were  con.sidered  hut  were  rejected  in  favor 
of  the  more  practical,  more  economical  standard  railroad  structure.  Cars  will  be  of  the 
typical  lightweight  rapid  transit  design,  air  conditioned,  and  each  car  will  be  self- 
propelled  by  7S0-V  d-c  motors.  .Automatic  operation  of  trains  and  a  turnstile  method 
of  fare  collection  will  eliminate  all  on-train  personnel  except  one  attendant  per  train, 
whose  duties  will  be  principally  supervisory  and  to  over-ride  the  automatic  equipment 
in  case  of  emergency.  Parking  lots  and  feeder  bus  facilities  will  be  provided  at  the 
stations  in  residential  areas. 

Economic  estimates  have  been  based  on  a  minimum  fare  of  25  cents  for  8  miles, 
with  charges  for  longer  rides  scaled  to  a  minimum  of  2^4  cents  per  mile.  A  traffic 
volume  of  more  than  80  million  riders  per  year  in  1980,  the  12th  year  of  operation, 
has  been  projected.  At  that  level  of  traffic,  annual  gross  revenue  is  estimated  at  about 
$25  milUon,  producing  an  annual  net  operating  revenue  of  nearly  $12  million, 

The  estimated  cost  of  fixed  property,  excluding  the  4-mile  tube  under  San  Fran- 
cisco Bay  ($92,000,000)  and  its  approaches  ($40,000,000),  is  $792,000,000.  In  addition, 
approximately  $71,000,000  will  be  invested  in  rolling  stock.  The  cost  of  fixed  property 
will  be  financed  by  general  obligation  bonds  to  be  retired  out  of  taxes  levied  throughout 
the  District.  Construction  of  the  San  Francisco  Bay  tube  will  be  financed  by  the  Cali- 
fornia Toll  Bridge  Authority.  Revenue  Bonds,  to  be  repaid  from  net  revenue  of  the 
transit  operations,  will  be  used  for  the  tube  approaches  and  purchase  of  rolling  stock. 

The  San  Francisco  project  should  encourage  the  development  and  expansion  of 
rapid  transit  and  rail  commuter  facilities  in  other  large  cities.  It  is  true  that  a  large 
part  of  the  cost  of  the  Bay  Area  project  will  be  paid  by  the  owners  of  real  estate, 
many  of  whom  will  not  be  frequent  users  of  the  service.  However,  it  is  significant  that 
an  investment  of  more  than  $110,000,000  will  be  financed  by  the  net  profits  from  the 
operation.  This  can  be  accomplished  only  by  the  introduction  of  innovations  in  the 
plan  in  order  to  attract  traffic  to  the  rapid  transit  service  and  to  reduce  the  operating 
costs  to  a  level  far  lower  than  that  experienced  by  other  commuter  operations. 

Experiment  in  New  York  City 

An  experiment  in  automatic  train  operation  is  now  being  conducted  by  the  Xew 
York  City  Transit  Authority.  A  crewless  shuttle  train  has  been  in  operation  between 
Grand  Central  Terminal  and  Times  Square  since  October  1961.  An  automatic  dispatching 
unit  starts  the  train,  after  which  alternating  current  at  different  code  rates  fed  through 
the  rails  controls  the  acceleration,  brake  application,  opening  and  closing  doors  and 
other  elements  in  the  operation.  The  train  carries  an  attendant  but  is  operated 
automatically. 

Experiment  on  Long  Island  Railroad 

Another  experiment  of  interest  in  connection  with  suburban  commuter  operation 
is  now  under  consideration  by  the  Long  Island  Railroad.  The  purpose  of  this  project 
is  to  test  equipment  for  mechanized  collection  of  fares  in  the  stations.  The  plan  is  to 
install  test  equipment  in  one  or  two  stations,  consisting  of  a  turnstile  and  a  ticket 
reader.  The  turnstile  will  prevent  access  to  the  train  platform  until  it  is  released  by  the 
insertion  of  a  ticket  into  the  reader.  The  ultimate  objective  of  this  equipment  is  the 
automatic  checking  of  tickets  in  the  stations,  thereby  eliminating  the  need  for  trainmen 
to  perform  this  operation. 
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Part    2 — Time    Versus    Tonnage 

The  most  important  contribution  of  Detroit  to  the  world  goes  far  beyond  the 
immediately  tangible  effects  of  production-line  technique  used  in  the  manufacture  of 
automobiles.  It  lies  in  the  philosophy  of  producing  more  for  less.  Exported  as  "Fordism" 
to  Europe  and  other  parts  of  the  world,  this  philosophy  has  done  more  to  bring  closer 
the  conquest  of  poverty  than  any  other  contemporary  force  or  animating  idea.  The 
advent  of  time-controlled  mechanization  can  be  painful,  breaking  up  peasant  economies 
and  disrupting  political  institutions,  but  it  is  the  only  available  instrumentality  for 
changing  underdeveloped  countries  into  developed  ones,  and  for  the  progressive  enlarge- 
ment of  markets.  Indeed,  the  European  Common  Market,  so  much  in  the  headlines 
today,  would  be  almost  impossible  to  visualize  had  not  mass  production  made  its  appeal 
to  the  French  and  German  mind.  From  this  point  of  view  the  expanding  world  of  the 
'fifties  and  'sixties  is  in  a  way  of  continuation  of  the  'twenties,  when  the  early  car 
manufacturers  raced  up  what  seemed  an  open  and  continuous  highway  only  to  encounter 
the  great  roadblock  which  bore  the  historic  label  of  "1929." 

Because  of  its  rapid  responses  to  changing  human  needs,  U.  S.  citizens  have  every 
reason  to  take  pride  in  their  free-enterprise  economy.  Yet  every  success  story — personal 
or  national — raises  up  its  own  problems  and  challenges,  and  so  it  is  with  our  $560  billion 
gross-product  economic  system.  Its  record  is  a  tribute  to  an  energetic  and  resourceful 
people  and  their  institutions.  Yet  those  institutions — political  and  economic — are  not 
preordained  and  cannot  be  taken  for  granted.  Taking  things  for  granted  is  perhaps  the 
one  luxury  the  U.  S.,  rich  as  it  is,  cannot  afford.  One  problem  is  that  while  profits  are 
the  obvious  spark  plug  of  enterprise,  they  have  been  subjected  in  late  years  to  the 
eroding  forces  of  the  inflationary  cost-price  squeeze.  Where  the  spark  plug  fails,  the 
engine  must  inevitably  falter.  There  are  other  nagging  doubts.  It  is  well  known,  that 
most  modern  big  corporations,  but  not  so  much  the  railways,  have  exhibited  extra- 
ordinary litheness  in  adapting  themselves  to  new  forms  of  competition.  Yet  there  remains 
the  question  whether  the  new  corporate  managers  can  hold  their  footing  on  the  slippery 
slopes  ahead.  Becoming  bigger  and  more  diversified,  the  corporation  is  sometimes  baffled 
by  its  own  complexity.  The  frequent  remark  in  business  circles,  "Let's  call  in  Ernie 
Breech"  (until  recently  the  gifted  and  uniquely  talented  chief  executive  in  the  auto- 
mobile industry),  suggests  a  possible  shortage  of  top  management  capable  of  coping 
with  the  civilian  market  plus  the  immense  social  problems  faced  by  business.  The  sig- 
nificant question  is  whether  business  leaders  have  lost  the  essential  creative  toughness 
necessary  to  withstand  the  constant  pressures  put  upon  them  by  those  who  would  like 
the  industrial  corporation  to  take  over  non-business  functions.  America  was  not  built 
by  soft  "organization  men"  but  by  pioneers  and  imaginative  trail  blazers,  who  forged 
the  corporation  in  their  "image",  not  vice  versa. 

American  business  has  come  a  long  way  to  reach  a  point  where  the  export  of  the 
American  system  could  be  taken  as  both  a  challenge  and  opportunity.  When  the  first 
settlers  reached  Virginia  tidewater  and  the  rocky  New  England  coast,  local  enterprise 
was  conditioned  by  British  mercantihsm  and  restriction.  The  taming  of  a  wilderness 
and  the  setting  up  of  a  new  form  of  Hmited  government  under  the  Constitution  led  on 
to  a  major  breakthrough.  In  successive  generations  of  this  history  we  can  observe  the 
results:  the  development  of  the  West,  the  laying  down  of  the  rails,  the  coming  of  the 
big  corporation,  the  rise  of  Henry  Ford,  the  spread  of  mass  production.  The  market 
economy  offers  a  superior  form  of  organization  through  freedom — freedom  to  be  one's 
best.  Its  success  has  been  made  plain  through  two  and  a  half  centuries  on  the  North 
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American   continent.   Given   the   richt   framework,   that  success  can   be  extended  to   the 
railway  industry. 

To  say  that  the  railways  have  been  experiencing  problems  is  like  calling  Mt.  Everest 
a  hill.  The  industry,  plagued  by  inadequate  profits,  bedeviled  by  unfair  competition, 
harassed  by  government  and  unions,  and  imprisoned  by  its  own  traditions,  has  appeared 
to  outsiders  to  be  a  wounded  and  floundering  monster.  So  it  is  with  considerable 
delight  that  we  now  observe  evidence  of  a  resurgence.  Aggressive  and  intelligent  mar- 
keting programs  are  being  mapped.  Railway  leaders  are  refusing  to  play  patsy  for  their 
competition  anywhere.  Not  only  will  they  go  after  the  bulk  traffic  market,  they  plan 
to  capture  as  much  available  traffic  as  they  can  handle  with  satisfaction  to  shippers. 
They  will  offer  better  services,  produced  at  lower  costs,  and  sold  more  intensively.  But 
it  is  one  thing  to  secure  the  traffic  and  another  thing  to  keep  it.  This  will  steadfastly 
require  holding  to  promises  of  service  to  be  rendered.  Specifically,  it  calls  for  rigid 
administrative  procedures,  and  absolute  adherence  to  arrival  time  of  shipments.  The 
day  is  past  when  trains  can  be  held  for  tonnage  or  delayed  at  junctions  without  regard 
to  shipper  schedules.  Where  we  fail  to  administer  time,  we  end  up  in  not  utilizing  inten- 
sively the  fixed  investment  railways  are  necessarily  saddled  with  and  which  absorb 
over  20  cents  out  of  every  dollar  they  take  in.  The  only  loss  railways  cannot  afford  to 
suffer  is  a  loss  in  traffic  up  to  a  point  sufficient  completely  to  employ  their  plant.  This 
calls  for  time-table  performance  with  the  train  schedules  set  by  the  traffic  officer  and 
the  traffic  officer  being  held  accountable  for  making  such  trains  pay  their  way.  Any 
manufacturer  who  hopes  actually  to  control  his  costs  and  constantly  insure  his  delivery 
dates  lives  closely  to  his  route  sheets  which  spell  out  the  sequence  of  performance  and 
the  time  allowance  for  each  operation.  If  railways  could  only  give  every  shipper  on-time 
service,  they  would  save  a  vast  amount  of  paper  work  and  endless  report  making 
trying  to  explain  why  promises  were  not  kept.  The  railway  officer  must  come  to  know 
what  performance  he  will  accept  and  adhere  to  its  enforcement  as  a  first  order  of  busi- 
ness. Many  things  will  have  to  be  changed  to  reach  such  a  status,  just  as  in  the  early 
days  of  the  production  line,  but  the  sooner  railway  leadership  begins  to  enforce  it  the 
sooner  they  will  reduce  their  costs,  satisfy  shippers  and  meet  their  competitive  challenge. 

Reliability — that  is,  regular  and  damage-free  delivery  according  to  established 
schedules — is  more  important  to  business  than  speed,  and  will  always  be  taken  into 
account  when  appraising  rates.  Service  is  more  important  than  cost,  for  unless  the 
consignee  can  count  on  his  shipments  being  at  the  destination  at  the  time  it  is  supposed 
to  be  there,  his  planning  schedule  is  bound  to  be  upset.  In  fact,  there  are  many  situa- 
tions in  which  the  incoming  shipment  may  be  quite  useless  to  him  unless  it  arrives  on 
time.  For  obvious  reasons,  dependable  service  is  also  highly  important  to  the  shipper. 
It  is  important  to  remember,  too,  that  shippers  and  users  of  railway  services  in  outlying 
areas  expect  to  receive  just  as  regular  and  dependable  service  as  the  large  metropolitan 
regions  receive.  The  vicious  circle  of  inadequate  volume  as  a  cause  of  unsatisfactory 
service  is  not  likely  to  be  broken  by  potential  users.  They  will  use  other  modes  until 
what  they  consider  proper  service  by  railway  is  available.  This  puts  the  problem  squarely 
up  to  the  common  carrier.  It  is  the  same  sort  of  a  problem  that  confronts  many  a 
manufacturer  seeking  to  enlarge  his  market — he  must  expect  to  lose  money  for  a  time 
and  to  incur  onerous  promotional  expense.  For  the  carriers,  the  problem  is  how  far 
should  proffered  service  be  available  ahead  of  actual  volume,  and  for  how  long  a  period 
should  such  promotional  schedules  be  maintained  before  being  withdrawn  or  made  per- 
manent ?  The  problem  becomes  increasingly  complex  as  industry  tends  to  become  increas- 
ingly  decentralized  and  at  the  same  time   to   move  to  smaller  communities.  Since  the 
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traffic  potential  in  railway  services  for  manufactured  products  is  so  far  reaching  in  its 
effect  on  common  carrier  earnings  and  by  reason  of  the  fact  that  manufacturers  are 
administered  on  a  time-conscious  cycle,  it  appears  essential  to  the  success  of  railway 
operations  that  they  also  should  be  strictly  geared  to  this  pattern. 


Part   3 — Critical   Path   Method 

A  new  procedure  called  the  Critical  Path  Method  (CPM),  another  version  of  which 
is  called  Program  Evaluation  Review  Technique  (PERT),  has  been  developed  for 
planning  and  scheduling  engineering  and  construction  projects.  It  was  first  used  in  1959 
to  schedule  plant  maintenance  shutdowns  and  has  gained  wide  acceptance  for  planning 
other  types  of  projects.  Many  companies  and  governmental  agencies  are  now  including 
in  specifications  a  provision  covering  the  use  of  CPM  in  scheduling  the  construction 
project. 

CPM  is  based  on  a  complete  analysis  of  all  the  construction  activities  involved  in 
a  project.  It  has  many  advantages  over  the  bar  graph  method  in  flexibility  of  planning 
and  degree  of  control  that  can  be  exercised. 

The  first  step  is  to  prepare  a  list  of  all  operations  that  must  occur  in  the  project, 
determining  the  sequence  of  the  operations  and  estimating  the  amount  of  time  each  will 
require  to  complete.  Next,  a  diagram  is  drawn  using  an  arrow  to  represent  time  required 
for  each  construction  operation  so  arranged  to  show  the  relationship  of  each  operation 
to  the  overall  project.  Fig.  1  represents  such  a  diagram.  In  this  illustration  the  project 
is  started  with  three  operations  (1-2,  1-4  and  1-5)  conducted  simultaneously.  Operation 
1-2  must  be  completed  before  operation  2-3  can  be  commenced,  and  when  operation 
2-3  is  completed,  operations  3-7  and  3-6  can  be  performed  concurrently.  (The  length 
of  the  arrows  and  vertical  and  horizontal  dimensions  of  the  diagram  have  no 
significance.) 

The  next  step  involves  the  amount  of  time  required  for  each  operation  and  the 
project.  An  estimate  of  the  time  required  for  each  operation  has  been  made  and  is  now 
shown  adjacent  to  the  corresponding  arrow  on  the  diagram.  Any  unit  of  time  can  be 
used  provided  the  same  unit  is  used  consistently  on  the  entire  project.  In  the  illustration, 
it  will  be  assumed  that  the  time  unit  is  a  day. 

Referring  to  the  diagram  in  Fig.  1,  it  will  be  observed  that  there  are  five  separate 
paths  from  start  to  finish.  By  adding  the  periods  of  time  in  each  path,  the  longest  path 
in  terms  of  times  is  1-2-3-6-10-11-12.  This  is  called  the  "critical  path"  from  which 
the  name  of  this  method  is  derived,  and  is  shown  by  the  heavy  arrows  in  the  diagram. 
The  significance  of  the  critical  path  is  that  the  minimum  length  of  time  required  to 
complete  the  illustrated  project  is  42  days,  based  on  the  assumptions  that  have  been 
made. 

After  the  critical  path  and  earliest  completion  date  have  been  established,  other 
scheduling  information  can  be  derived  from  the  diagram.  First,  adding  operation  dura- 
tions along  the  critical  path  will  show  the  start  and  finish  dates  for  each  critical  opera- 
tion. Also,  working  backwards  from  the  finish  date,  the  latest  time  any  operation  can 
be  completed  is  determined.  Working  forward  from  the  start  of  the  diagram,  the  earliest 
time  any  operation  can  be  completed  can  be  determined.  The  difference  between  the 
earliest  and  the  latest  completion  dates  is  spare  time,  called  "float".  For  example,  referring 
again  to  the  illustration  in  Fig.  1,  operation  8-9  can  be  completed  in  11  days  after  the 
start  of  the  project  and  must  be  completed  in  34  days  after  start  in  order  not  to  delay 
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Fig.  1 — Typical  diagram. 


the  finish  date.  The  difference,  or  ll  days,  is  float  for  operation  8-9.  There  is  no  float 
applicable  to  an  operation  on  the  critical  path. 

Float  can  be  used  to  advantage  in  reducing  the  cost  of  the  project  by  stabilizing 
labor  requirements  or  planning  material  deliveries. 

While  the  Critical  Path  Method  is  in  itself  an  important  innovation  in  planning 
construction  projects,  further  innovations  or  refinements  in  the  Method  have  been 
developed  through  usage.  One  such  refinement  is  credited  with  increasing  the  reliabihty 
of  the  estimate  of  time  required  to  perform  each  operation.  Following  this  procedure, 
three  estimates  of  time  are  made,  namely,  optimistic,  pessimistic  and  most  likely.  By 
applying  statistical  probability  curves  to  those  three  values,  the  expected  time  is  derived 
and  used  in  the  diagram. 

The  Critical  Path  Method  is  useful  in  making  a  cost  analysis  of  the  project.  In 
many  cases,  the  benefits  to  be  derived  from  completing  a  project  earlier  than  scheduled 
will  justify  an  increase  in  the  construction  cost.  Heretofore,  use  of  the  bar  graph  did 
not  provide  suitable  information  for  making  an  inteUigent  choice  of  operations  to  be 
expedited.  Generally,  there  exists  a  relationship  between  cost  and  time  for  each  opera- 
tion in  the  project.  An  analysis  of  the  CPM  diagram  will  disclose  which  operations  can 
be  expedited  with  the  least  increase  in  cost.  A  reduction  in  the  time  required  to  per- 
form an  operation  not  in  the  Critical  Path  will  not  reduce  the  overall  construction 
time.  However,  a  reduction  in  time  required  for  a  Critical  operation  may,  and  frequently 
does,  create  a  new  Critical  Path. 

Still  another  refinement  which  has  been  developed  is  the  application  of  data  process- 
ing machines  to  the  analysis  of  CPM  diagrams.  The  illustration  in  Fig.  1  is  of  a  rela- 
tively simple  project  containing  few  basic  operations.  Larger  and  more  complex  projects 
may  have  several  hundred  separate  operations  to  be  considered,  in  which  case  deter- 
mination of  the  Critical  Path  and  analysis  of  the  time-cost  features  of  the  diagram 
cannot  be  done  manually. 

It  has  been  said  that  no  project  is  too  large  or  too  complex  and  that  none  is  too 
small  for  Critical  Path  scheduling.  Obviously,  the  benefits  will  be  greater  for  the  larger 
projects,  but  cases  have  been  cited  in  which  CPM  was  used  to  advantage  on  projects 
costing  as  little  as  $1000. 

There  are  many  benefits  to  be  secured  by  the  use  of  CPM  compared  with  previous 
methods  of  scheduling.  The  project  planner  must  analyze  the  job  completely  in  advance 
of  the  start  of  construction,  thereby  bringing  to  light  problems  that  may  occur.  CPM 
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scheduling  clearly  shows  which  operations  must  be  expedited  to  meet  an  early  com- 
pletion date.  Delivery  of  materials  and  supplies  can  be  scheduled  more  accurately, 
reducing  inventory  and  storage  requirements  on  the  job  site.  Scheduling  of  manpower 
can  be  adjusted  for  most  effective  utilization  of  labor  forces  by  performing  non-critical 
operations  at  slack  periods.  When  progress  is  delayed  by  strikes,  adverse  weather  con- 
ditions or  other  reasons,  the  scheduling  of  the  remaining  portion  of  the  project  can  be 
re-evaluated  and  adjusted  as  necessary.  Better  control  over  costs  can  be  exercised. 
Finally,  the  CPM  scheduling  facilitates  checking  of  progress  on  the  project. 

This  brief  report  is  not  intended  to  provide  a  complete  description  of  Critical  Path 
Method  and  its  benefits.  Several  consulting  firms  and  manufacturers  of  computers  have 
established  courses  for  the  purpose  of  training  engineers  in  CPM  scheduling.  Those  who 
are  interested  in  the  use  of  this  new  method  should  enroll  in  one  of  those  courses. 
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(E)  Member  Emeritus. 

Those    whose    names    are    set    in    bold-face    type    constitute    the    Engineering    Division,    .A.-KR,    Com- 
mittee 14. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  .subjects: 

1.  Revision  of  Manual. 

Recommendations  for  revisions  to  Chapter  14  of  the  Manual  arc  l)cinK 
presented  by  Subcommittees  2,  3  and  6. 

2.  Classification  yards,  collaborating  with  Committee   16. 

A  final  report  is  being  submitted  on  the  subject  of  Design  of  Classification 
Yard  Gradients,  with  the  recommendation  that  the  report  be  adopted  as 
Manual   material    page  149 

3.  Scales  used  in  railway  service,  collaborating  with  Committee  18. 

a.  Specifications   governing   the    manufacture   and   installation    of   electronic 
track  scales. 

The  work  on  this  subject  continues  and  is  approaching  completion.  A 
report  will  be  submitted  in  1965  as  information. 
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b.  Specifications   noverninK   llic   manufacture  and   installation   of   automatic, 
indicating   and    recording   elements   for   large-capacity   scales. 

A  preliminary  report  on  this  subject  will  be  studied  by  the  committee 
in  1964  and  should  be  ready  to  present  to  the  Association  as  information 
in  1965. 

c.  Studies  of  the  accuracies  obtained  in  motion  weighing. 
Considerable  data  have  been  accumulated  from  tests  on  various  railroads. 
These  tests  will  continue  during  1964  and  will  be  tabulated  and  presented 
as  information  in   1965. 

d.  Revision  of  Part  5,  Chapter  14  of  the  Manual. 

Progress  report,  submitted  for  adoption    page  152 

4.  Spot  repair  facilities  for  diesel  locomotives. 

Considerable  work  has  been  completed  on  this  subject,  which  will  be  con- 
tinued during  1964.  A  final  report  will  be  submitted  in  1965  as  information. 

5.  Integral  trains — their  effect  on  existing  yards  and  design  of  new  yards. 
A  progress  report  is  being  submitted  as  information,  with  the  recommenda- 
tion that  the  subject  be  continued   page  153 

6.  Facilities  for  loading  and  unloading  rail-truck  freight  equipment,  collaborat- 
ing with  Committee  6  and  the  AAR  Motor  Transportation  Advisory  Com- 
mittee. 

A  final  report  is  submitted  with  the  recommendations  that  the  material  be 
approved  and  published  in  the  Manual,  and  that  the  subject  be  discon- 
tinued       page  155 

7.  Facilities  for  the  disposal  of  waste  materials  in  yards  and  terminals. 

A  final  report  is  submitted  as  information,  with   the  recommendation  that 

the  subject  be  discontinued  page  158 

8.  Present  trends  in  modernization  of  yards  and  terminals  in  foreign  countries. 
A   progress    report   is   submitted   as   information,   with   the   recommendation 

that  the  subject  be  continued   page  161 

The  Committee  on  Yards  and  Terminals, 

D.  C.  Hastings,  Chairman 

AREA   BulUMin   581.   November    196,^ 
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Report  on  Assignment  2 

Classification  Yards 

Collaborating  with  Committee   16 

Mike  Rougas   (chairman,  subcommittee),  M.  H.  Aldrich,  F.  E.  Austcrman,  R.  O.  Bal- 
sters,   R.   F.   Beck,  A.   E.   Biermann,   J.   A.   Bingham,  W.   Binzen,   R.  E.   Bredberg, 

B.  E.  Buterbaugh,  J.  F.  Chandler,  H.  P.  Clapp,  V.  R.  Copp,  B.  E.  Crumpler, 
H.   M.   Dalziel,   A.   V.   Dasburg,   G.   H.   Dayett,   Jr.,   C.   M.   Frazier,   W.   H.   Giles, 

C.  W.  Hamilton,  D.  C.  Hastings,  G.  Lichtenwalner,  S.  X.  Maclsaac,  H.  J.  McNallv, 
R.  H.  Peak,  Jr.,  H.  L.  Pepper,  Jr.,  VV.  H.  Pollard,  L.  W.  Robinson,  E.  B.  Sonnheim, 
T.  DeW.  Styles,  J.  J.  Tibbits,  \V.  A.  Wood. 


Design  of  Classification   Yard  Gradients 

Your  committee  submits  for  adoption  the  following  recommendations  with  respect 
to  the  material  on  design  of  classification  yard  gradients  in  Chapter  14  of  the  Manual. 

Pages   14-3-1   to   14-3-22,  incl. 

FREIGHT  TERMINALS 

Pages  14-3-7  and  14-3-8.  Delete  present  material  under  Art.  3c — Theory,  and 
substitute  the  following: 

c.  Theory 

The  speed  of  a  car  rolling  on  a  grade  can  be  found  at  any  point  by  means  of  the 
expression  A  =:  0.0334F'  or  h  =^0.0\SSif,  where  V  is  the  speed  of  the  car  in  miles  per 
hour,  V  is  the  speed  of  the  car  in  feet  per  second  and  h  is  the  velocity  head  of  the  car 
in  feet  at  the  point  under  consideration  and  is  the  vertical  distance  shown  in  Fig.  1. 
The  velocity  head  h  can  be  found  from  the  expression 

^  h.=.khr 


4wr'     1 
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where, 

A  =  Velocity  head  (translational  head),  in  feet. 

hf  =  Energy  head,  in  feet.  This  quantity  is  the  sum  of  the  car's  translational  and  rota- 
tional energy  head  as  shown  in  Fig.  1. 
w  =  Weight  of  car's  wheels  and  axles,  in  pounds. 
W  =  Gross  weight  of  car,  in  pounds. 
r  =  Radius  of  gyration  of  the  car's  wheels  and  axles  with  respect  lo  their  axis  of  rota- 
tion, in  inches. 
D  =  Car  wheel  diameter  at  tread,  in  inches. 

1 

4wr    1 
^  +     D-     W 

4wr 
Table  1  gives  the  value  of  the  constant    ^j    for  eight  33-in-nominal-diameter  car  wheels 

and   four   axles   and   for   eight   36-in-nominal-diamcter   car   wheels   and   four  axles.   The 
recommended  values  of  k  for  various  design  assumptions  are  as  follows: 
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Table  1 


Nominal 

Wheel 
Diameter 

Axle  Size 

_2 
CONSTANT  ^^^     IN  POUNDS 
d2 

Multiple  Wear  Wheels 

One  -  Wear  Wheels              | 

New 

Condemned 

for  Tread 

Wear 

New 

Condemned 

for  Tread 

Wear 

33" 

5-1/2  X  10 
6  X  11 
6-1/2  X  12 

4,120 
k,lhQ 
4,170 

2,410 
2,430 
2,460 

3,270 
3,300 
3,330 

2,380 
2,400 
2,440 

36" 

7  X  ll+ 

4,750 

2,580 

Less  Common 

Mixed  empty    cars    k  ^  0.92 

Mixed  loaded    cars    k  ^  0.98 

Effect  of  rotating  wheels  and  axles  neglected   *  =  1 .00 

When  the  cars  for  which  a  gradient  is  designed  are  predominantly  empty  or  pre- 
dominantly loaded,  are  of  the  same  general  type  and  their  rolling  characteristics  are 
reliably  known,  the  appropriate  value  of  k  can  be  obtained  from  Fig.  2a. 

Safe  throwing  of  switches,  retarding  and  weighing  of  cars  make  it  necessary  for  the 
designer  to  predetermine  the  spacing  of  cars  as  they  roll  from  crest  to  clearance.  This 
can  be  done  by  computing  the  time  a  car  takes  to  roll  between  given  points  using  one 
of  the  following  two  methods: 

(1)  The  distance  studied  is  divided  into  a  number  of  increments  depending  on  the 
accuracy  desired.  The  velocity  head  at  the  midpoint  of  each  increment  is  computed  or 
scaled  from  a  scale  profile,  and  by  means  of  the  velocity  head  expressions  or  the  graph 
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of  Fi^.  2,  the  velocity  at  the  midpoint  of  each  increment  is  obtained.  The  length  of  the 
increment  is  then  divided  by  the  velocity  corresponding  to  its  midpoint  to  give  the  time 
the  car  takes  to  roll  through  that  particular  increment.  When  these  increment  times  are 
added  cumulatively,  the  time  a  car  takes  to  roll  between  the  given  points  is  known. 
(2)  The  time  the  center  of  gravity  of  a  car  takes  to  travel  between  two  points 
"A"  and  "B"  connected  by  a  constant  gradient  can  be  found  from  the  expression 

7  =  0.249  T—     V  h.i+  hi, —  V  Ha      (provided  h^  is  not  equal  to  hi,) 

where, 

T  =  Time  to  travel  from  point  "A"  to  point  "B",  in  seconds. 

L  =  Distance  from  point  "A"  to  point  "B",  in  feet. 
h.i  =  Velocity  head  at  point  "A",  in  feet. 
/?«  =  Velocity  head  at  point  "B",  in  feet. 

When  points  "A"  and  "B"  are  connected  by  a  series  of  gradients,  the  time  T  is  computed 
for  each  gradient.  If  the  car  is  retarded  between  points  "A"  and  "B",  the  time  T  is 
computed  for  each  retardation.  If  Ha  =:  hi,,  the  speed  of  the  car,  v,  is  constant  and  T 

L 

can  be  found  from  r  =  "r. 

V 

Page  14-3-8.1.  Delete  present  Fig.  1-a  and  insert  new  Table  1,  presented  herewith. 

Page  14-3-9.  Delete  present  Fig.  1-b  and  substitute  new  Fig.  1  presented  herewith. 
Add  new  Fig.  2a   (presented  herewith),  following  present  Fig.  2. 

Page   14-3-12.  Under  Design  Data  add  the  expression,  ^^=1.0. 


Report  on  Assignment  3 

Scales   Used   in   Railway   Service 

Collaborating  with  Committee   18 

W.  P.  Buchanan  (chairman,  subcommittee),  A.  E.  Biermann,  J.  L.  Dahlrot,  H.  M. 
Dalziel,  A.  V.  Dasburg,  G.  H.  Dayett,  Jr.,  D.  C.  Hastings,  I.  M.  Hawver,  H.  W. 
Hem,  V.  C.  Kennedy,  A.  S.  Krefting,  F.  C.  Larsen,  Jr.,  B.  Laubenfels,  H.  J. 
McNally,  H.  Phypers,  H.  H.  Russell,  T.  DeW.  Styles,  J.  W.  Tucker. 

d.   Revision  of   Part  5,   Chapter    14   of  the   Manual 

Your  committee  submits  for  adoption  the  following  recommendations  with  respect 
to  Part  S,  Chapter  14,  of  the  Manual: 

Pages  14-5-38  to  14-5-55,  incl. 

SPECIFICATIONS    FOR    THE    MANUFACTURE    AND 
INSTALLATION    OF    TWO-SECTION    KNIFE- 
EDGE  RAILWAY  TRACK  SCALES 

Page  14-5-38.  In  the  third  line  under  Art.  2.  Sectional  Capacities  Standardized, 
delete  the  asterisk  after  the  word  "weighing."  Delete  the  footnote  at  the  bottom  of  the 
page  reading  "*Attention  is  directed  to  the  fact  that  motion  weighing  of  freight  cars 
by  the  two-draft  method  is  a  patented  procedure." 
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Report  on  Assignment  5 

Integral    Trains — Their    Effect    on    Existing    Yards 
and   Design   of   New   Yards 

F.  S.  Kinfi  (chairman,  subcommittee),  M.  H.  Aldrich,  R.  O.  Balsters,  A.  E.  Bicrmann, 
J.  A.  BinRham,  H.  P.  Clapp,  C.  M.  Frazier,  VV.  H.  Goold.  D.  C.  Hastings,  B.  Lau- 
benfels,  G.  W.  Mahn,  Jr.,  H.  J.  McNally,  B.  G.  Packard,  E.  B.  Sonnheim,  J.  J. 
Tibbits,  VV.  E.  Webster,  Jr.,  C.  E.  Zeman. 

Your  committee  submits  the  following  report,  as  information,  on  the  effect  of 
integral  trains  on  existing  yards  and  the  design  of  new  yards.  It  is  recommended  that 
the  subject  be  continued. 

The  concept  of  an  integral  train  was  born  as  a  result  of  railroad  managements' 
desire  to  reduce  freight  rates  with  offsetting  reductions  in  costs  to  compete  more  effec- 
tively for  the  bulk  commodity  traffic  with  other  forms  of  transportation,  particularly 
pipelines  and  the  concept  of  "coal  by  wire."  The  operation  of  this  type  of  train  provides 
for  the  handling  of  a  large  volume,  trainload  lot,  of  a  given  bulk  commodity  on  fast 
schedules  from  point  of  origin  to  destination  and  return. 

An  integral  train  would  be  made  up  with  a  predetermined  number  of  dedicated  cars 
of  specialized  hopper  or  gondola  design.  Some  railroads,  together  with  interested  indus- 
tries, are  presently  studying  trains  of  20,000  to  30,000  ton  capacity  with  an  individual 
car  capacity  of  100  tons  or  more.  Sufficient  large-size  diesel  locomotive  units  would  be 
assigned.  There  are  various  plans  for  the  placement  of  power  on  these  trains:  (1)  all 
units  on  the  head  end,  (2)  one  unit  on  the  head  end  with  a  number  of  individual  units 
uniformly  spaced  throughout  the  train,  all  remotely  controlled  from  the  leading  unit, 
and  (3)  several  units  on  the  head  end  and  one  or  more  units  on  the  rear  end.  These 
trains  would  be  kept  intact  for  both  loaded  and  empty  movement,  except  for  necessary 
locomotive  inspections  and  repairs  and  car  repairs. 

It  is  proposed  to  load  the  integral  train  at  a  tipple  or  other  loading  facility  in  a 
minimum  period  of  time,  about  2  to  6  hr.  Then  it  would  be  operated  on  fast  schedules 
to  destination  for  unloading.  Unloading  sites  could  be  power  plants,  mills  or  docks. 
The  operation  of  unloading  would  also  be  completed  in  a  minimum  period  of  time, 
about  4  to  10  hr.  Upon  completion  of  the  unloading  operation,  the  train  would  promptly 
return  to   the  original  loading  location. 

Some  proposals  call  for  yarding  these  trains  on  the  return  trip  at  an  intermediate 
point  for  inspection.  At  this  time  any  cars  requiring  repairs  would  be  set  out.  Cars  that 
were  set  out  on  previous  trips  and  repaired  would  be  replaced  in  the  train.  Necessary 
locomotive  inspection  and  repairs  could  be  provided  at  this  time.  If  scheduling  did  not 
require  the  train  immediately  back  at  the  loading  point,  it  would  be  held  at  this  location 
until  required. 

The  original  concept  of  the  integral  train  provided  for  private  ownership  of  the 
specialized  cars,  either  by  the  shipper  or  the  receiver.  For  rapid  unloading,  designs  and 
plans  have  been  prepared  for  hopper-type  cars  with  electrically  or  mechanically  operated 
drop  doors  and  stainless  steel  slope  sheets,  and  for  gondola-type  cars  with  rotary 
couplers.  Consideration  is  also  being  given  to  hydraulically  operated  drop  doors  on 
hopper-type  cars.  Necessary  running  repairs  to  these  cars  are  proposed  to  be  made  by 
the  hauling  railroad,  charging  cost  of  the  repairs  to  the  owner.  Present  plans,  generally, 
provide  for  railroad  ownership  and  maintenance  of  assigned  locomotive  units  and 
cabooses. 
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Track  facilities  at  the  loading  location  should  be  cither  a  long  loop  or  a  long,  single, 
stub-end  track.  Where  a  loop  is  to  be  utilized,  its  total  length  must  be  at  least  twice 
as  long  as  the  entire  length  of  the  proposed  integral  train,  with  the  loading  point  at  the 
approximate  center.  The  train  would  then  either  be  pushed  or  pulled  by  the  loading 
point  at  a  uniform  slow  speed,  usually  less  than  0.5  mph,  loading  each  car  by  a  con- 
veyor, tipple  or  other  means  as  it  passes.  Grades  and  curvature  of  the  track  on  the  loop 
should  be  designed  to  provide  for  smooth  handling  of  the  train  at  the  required 
slow  speed. 

A  long,  single,  stub-end  track  arrangement  can  be  used,  with  its  length  also  at  least 
twice  the  length  of  the  train,  with  the  loading  station  at  the  approximate  center.  In  this 
case  the  train  would  be  either  pushed  or  pulled  past  the  loading  station  until  it  is  loaded 
in  the  same  manner  as  described  above.  Then,  after  the  train  is  loaded,  it  would  make 
a  reverse  movement  to  the  branch  or  main  line  for  dispatchment  to  destination.  Grades 
and  curves  for  this  type  of  track  arrangement  must  be  similar  to  those  described  for  a 
loop  track. 

There  are  other  proposals  being  considered  for  the  loading  of  these  integral  trains, 
one  of  which  provides  for  a  car  puller  to  move  the  train  by  the  loading  tipple.  In  this 
case  the  locomotive  would  bring  the  train  into  the  loading  area  and  uncouple.  The  car 
puller  would  then  move  the  cars  until  the  entire  train  is  loaded,  at  which  time  the 
locomotive  would  promptly  couple  to  the  train  for  the  road  movement.  Track  arrange- 
ments could  be  similar  to  those  described  above. 

Design  of  track  layouts  at  the  unloading  point  will  be  contingent  upon  the  type 
of  cars  to  be  used,  type  of  dumping  facility  and  physical  characteristics  of  the  plant  or 
dock  layout.  Trains  with  specialized  cars  equipped  with  automatically  or  semi- 
automatically  operated  drop  bottoms  would  be  moved  by  the  assigned  locomotive  units. 
Drop  doors  can  be  opened,  the  bulk  commodity,  such  as  coal,  discharged  into  a  long  pit, 
and  drop  doors  closed  as  the  train  moves  at  a  slow  uniform  speed,  presently  estimated 
at  about  0.5  mph.  At  some  locations  it  may  be  necessary  actually  to  spot  the  train  as 
each  car  passes  over  the  pit.  Track  layouts  for  this  type  of  unloading  operation  may  be 
quite  similar  to  those  described  for  loading  the  train. 

Other  methods  proposed  include  the  use  of  car  pullers,  barneys  or  remote- 
controlled  locomotives.  Conventional  car  dumpers  with  gravity  kick-back  and  conven- 
tional track  arrangements  may  be  utilized,  in  which  case  it  will  be  necessary  to  separate 
the  cars  of  the  train  after  arriving  at  the  unloading  location;  however,  this  is  not 
desirable  in  an  integral  train  operation.  Proposals  are  also  being  studied  to  provide 
for  the  design  and  construction  of  gondola-type  cars  with  rotary  couplers  together  with 
new-type  rotary  car  dumpers  so  that  the  cars  of  an  integral  train  could  be  rotary 
dumped  without  uncoupling,  thereby  keeping  the  entire  train  intact. 

Several  railroads  are  presently  operating  unit  trains  which  are  comparable  in  some 
respects  to,  and  different  in  other  respects  from,  the  true  concept  of  the  integral  train. 
These  unit  trains  are  made  up  with  conventional  equipment.  In  some  cases  the  cars 
are  dedicated  to  the  particular  service  and  in  other  cases  different  equipment  is  used 
for  each  loaded  trip,  with  the  empties  disposed  of  in  the  conventional  manner  at  the 
destination.  In  some  instances  the  loading  operation  itself  is  comparable  to  that  of  the 
proposed  integral  train  operation.  The  train  is  actually  moved  by  the  road  locomotive 
at  slow  speed  by  a  conveyor,  set  of  conveyors  or  tipple,  with  each  car  being  loaded  as 
it  passes  through.  However,  insofar  as  unloading  is  concerned,  in  all  known  cases,  the 
cars  of  these  trains  are  uncoupled  from  one  another,  with  the  operation  performed  in 
the  same  manner  as  had  been  practiced  prior  to  the  advent  of  the  unit  train. 
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To  date,  there  has  been  no  noted  effect  on  intermediate  yards  as  a  result  of  the 
operation  of  unit  trains  or  proposed  operation  of  integral  trains.  The  maximum  length 
of  unit  trains  operated  to  date  is  about  150  cars.  Present  yard  facilities  have  been 
adequate  for  such  trains.  However,  the  operation  of  the  integral  trains,  lengths  of 
which  are  being  considered  in  excess  of  200  cars,  will  require  longer  tracks  in  most 
intermediate  yards  for  servicing,  inspection  and  holdover  to  meet  scheduling  require- 
ments. Servicing  and  car  repair  faciUties  similar  to  present  spot  car  repair  installations 
located  on  long  tracks  may  be  desirable  and  necessary  to  obtain  maximum  use  of  this 
specialized  equipment. 

The  integral  train  concept,  which  is  one  of  the  most  important  developments  in 
the  railroad  industry  today,  is  still  in  its  infancy.  New  ideas,  proposals  and  actual  plans 
are  being  announced  with  increasing  regularity.  At  least  one  large  utility  has  announced 
its  plans  to  purchase  cars  of  specialized  design  for  the  handling  of  coal.  Future  develop- 
ments and  actual  usage  of  the  integral  train  will  undoubtedly  result  in  a  need  for  a 
rearrangement  or  new  construction  of  yard  and  terminal  facilities.  Therefore,  it  is  rec- 
ommended that  this  subject  be  continued  until  such  time  as  definite  policies  governing 
integral  train  operation  and  maintenance  are  developed. 

Report  on  Assignment  6 

Facilities    for    Loading    and    Unloading    Rail-Truck 
Freight  Equipment 

Collaborating   vi^ith    Committee   6   and   the   AAR    Motor   Transportation 
Advisory  Committee 

F.  A.  Hess  (chairman,  subcommittee),  F.  E.  Austerman,  H.  R.  Beckmann,  .'\.  E.  Bier- 
mann,  R.  E.  Bredberg,  J.  F.  Chandler,  H.  P.  Clapp,  V.  R.  Copp,  W.  H.  Goold, 
C.  VV.  Hamilton,  D.  C.  Hastings,  VVm.  J.  Hedlev,  J.  E.  Hoving.  A.  S.  Krefting, 
G.  Lichtenwalner,  E.  T.  Lucey,  G.  VV.  Mahn,  Jr.,  H.  J.  McNally.  B.  G.  Packard, 
H.  L.  Pepper,  Jr.,  L.  J.  Riekenberg,  L.  W.  Robinson.  E.  B.  Sonnheim.  T.  DeW. 
Styles,  J.  G.  Sutherland,  J.  B.  Sutton,  J.  J.  Tibbits,  L.  G.  Tieman,  J.  \V.  Tucker, 
W.  E.  Webster,  Jr 

Your  committee  submits  for  adoption  the  following  recommendations  with  respect 
to  Chapter  14  of  the  Manual: 

Pages    14-3-1    to    14-3-22,    incl. 

FREIGHT  TERMINALS 

.^dd  the  following  material  covering  facilities  for  loading  and  unloading  multi-level 
automobile  and  truck-carrying  cars  as  a  new  section  on  page  14-3-18: 

K.  FACILITIES  FOR  LOADING  AND  UNLOADING  MULTI-LEVEL 
AUTOMOBILE    AND    TRUCK-CARRYING    CARS 

A  single-track  facility  is  illustrated  in  Fig.  8  and  a  multiple-track  facility  in  Fig.  9. 
Add  new  Figs.  8  and  9  (presented  herewith)  following  Fig.  7  on  page  14-3-22. 


This  is  the  final  report  on  .Assignment  6,  and  the  committee  recommends  that  the 
subject  be  discontinued. 
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Report  on  Assignment  7 

Facilities   for   the    Disposal    of    Waste   Materials 
in   Yards  and   Terminals 

C.  E.  Stoecker  (chairman,  subcommittee),  F.  E.  Austerman,  R.  F.  Beck,  H.  R.  Beck- 
mann,  A.  E.  Bicrmann,  W.  Binzen,  E.  G.  Brisbin,  B.  E.  Buterbaugh,  J.  F.  Chandler, 
W.  H.  Giles,  W.  H.  Goold,  D.  C.  Hastings,  Wm.  J.  Hediey,  J.  E.  Moving,  H.  J. 
McNally,  R.  H.  Peak,  Jr.,  H.  L.  Pepper,  Jr.,  W.  H.  Pollard,  L.  J.  Riekenberg, 
J.  Sutton,  L.  G.  Tieman. 

Your  committee  submits  the  following  final  report  on  facilities  for  the  disposal  of 
waste  materials  in  yards  and  terminals  as  information,  with  the  recommendation  that 
the  subject  be  discontinued. 

This  report  is  primarily  concerned  with  the  various  methods  of  disposing  of  scrap 
metal,  dunnage,  sand,  gravel,  grain  and  other  such  rubbish  that  is  picked  up  in  yard 
tracks  and  terminals,  or  from  clean-out  tracks.  For  industrial  wastes  that  cause  or  con- 
tribute to  the  pollution  of  public  waters,  see  report  of  Committee  13,  Assignment  6 — 
Railway  Waste  Disposal,  in  the  Proceedings,  Vol.  61,  1960,  page  292. 

From  the  information  received,  it  was  found  that,  generally,  railroads  dispose  of 
their  rubbish  by  one  of  the  following  methods: 

1.  Rubbish  is  accumulated  in  cars  or  containers  spotted  around  the  yard  or  on 
the  clean-out  track,  and  is  dumped  on  railroad  property  where  filling  is 
desirable. 

2.  Where  clean-out  tracks  are  located  next  to  unoccupied  railroad  property, 
material  can  be  bulldozed  away  from  the  clean-out  track  to  fill  low  areas  or 
possibly  to  build  up  the  entire  area. 

The  Terminal  Railroad  Association  of  St.  Louis  deals  with  several  local  companies 
which  offer  disposal  services  by  means  of  metal  containers  transported  on  specially 
designed  trucks.  Two  types  of  rubbish  containers  are  currently  being  used  on  the  prop- 
erty of  this  road  in  the  vicinity  of  its  coach  yards  at  Union  Station.  Fig.  1  shows  the 
container  which  is  hauled  directly  to  the  disposal  area.  Fig.  2  shows  the  container  which 
is  emptied  into  a  large  truck.  The  emptying  of  these  containers  can  be  scheduled  from 
once  a  month  to  every  day,  depending  on  the  volume  of  rubbish  collected. 

The  Great  Northern  Railway  at  Grand  Forks,  N.  D.,  handles  rubbish  (except  such 
material  as  concrete  blocks,  brick  and  tile)  by  a  conveyor  belt  to  a  pulverizer  where 
it  is  chopped  and  shredded.  This  device  can  handle  grain  doors,  bundled  papers,  timber 
up  to  12  ft  long,  as  well  as  cross  ties.  Another  conveyor  belt  then  lifts  the  pulverized 
material  and  deposits  it  into  a  12-cu-yd  container.  This  container  is  loaded  onto  a  truck 
by   a   hydraulically   operated   cradle   and   the   rubbish   is  dumped   on   railroad   property. 

The  Louisville  &  Nashville  Railroad  uses  a  truck  at  Strawberry  Yard,  Ky.,  with  a 
large  specially  built  body  for  hauling  rubbish  to  a  dumping  ground  located  on  railroad 
property.  Fig.  3  is  a  picture  of  this  type  of  truck.  The  side  walls  of  the  body  are  tapered 
toward  the  front  to  expedite  dumping  of  the  material.  The  truck  is  spotted  at  the  door 
of  a  freight  car  to  be  cleaned  and  material  is  thrown  directly  into  the  truck  body 
through  the  side  doors.  The  small  amount  of  scrap  metal  collected  is  sent  to  the 
scrap  yard. 

A  modified  rubbish  truck,  Fig.  4,  equipped  with  a  hydraulic  packing  device  has 
been   acquired   by   the   Soo   Line   Railroad  to   provide   greater  flexibility,  efficiency  and 
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Fig.   1 — Large  container,  Terminal  Railroad  Association  of  St.  Louis. 


Fig.  2 — Small  container,  Terminal  Railroad  Association  of  St.  Louis. 
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Fig.   3 — Rubbish  truck,  Louisville  &  Nashville  Railroad. 


Fig.  4 — Mobile  cleaning  unit  on  the  Soo  Line  Railroad, 
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speed  in  freight  car  cleaning;  operations.  The  l)asic  truck  consists  of  a  20-yd-capacity, 
cylindrical  tank  mounted  on  the  frame  of  a  truck.  The  tank  contains  a  hydraulic,  piston- 
like device  which  compresses  refuse  into  the  back  of  the  tank.  Refuse  is  thrown  into 
the  tank  through  vertically  sliding  doors  on  either  side.  Modifications  specified  by  the 
Soo  Line  make  it  possible  for  the  truck  to  carry  all  the  equipment  necessary  for  sweep- 
ing and  washing.  Changes  included  lengthening  the  truck  frame  to  allow  space  directly 
behind  the  cab  for  a  500-gal  water  tank,  the  top  of  which  serves  as  a  platform  for  a 
portable  sweeper.  .\  hinged  cat-walk  or  "bridge"  is  attached  to  the  platform.  Mounted 
beneath  the  packer  tank  are  two  high -pressure  washers,  and  a  self-contained  electric 
plant.  A  platform  on  top  of  the  tank  is  designed  to  carry  refuse  too  large  to  put  in  the 
hydraulic  packer.  The  truck  is  parked  alongside  the  freight  car  to  be  cleaned  and  the 
hinged  catwalk  is  lowered  into  the  car  door.  All  large  refuse  is  removed  by  hand  and 
thrown  into  the  packer.  Next,  the  sweeper  is  rolled  into  the  car  to  remove  smaller 
material.  A  truck  driver  and  a  helper  perform  the  entire  car  cleaning  operation.  When 
the  tank  is  full,  the  truck  is  driven  to  a  dump.  The  back  door  of  the  tank  is  opened 
and  the  hydraulic  piston  is  activated  to  push  out  the  refuse.  Future  plans  for  the  truck 
include  using  it  for  general  rubbish  hauling  in  shop  areas. 

The  Pennsylvania  Railroad  has  a  modern  box  car  cleaning  and  washing  facility  at 
Enola,  Pa.  Metallic  scrap  is  thrown  directly  into  portable  bins  or  containers  which  have 
a  capacity  to  hold  approximately  one  week's  accumulation  of  scrap  under  normal  con- 
ditions. The  bins  are  picked  up  by  an  overhead  crane  and  dumped  into  gondola  cars 
for  shipment  to  a  scrap  dock.  Combustible  materials,  such  as  wood,  cardboard,  paper, 
grain,  etc.,  are  cleaned  from  box  cars  into  a  hopper  which  deposits  the  rubbish  onto  a 
conveyor  belt.  This  belt  carries  the  material  to  a  burning  pit,  measuring  approximately 
16  ft  wide  by  56  ft  long.  Small  combustible  material  accumulated  in  the  washing  opera- 
tion is  collected  in  a  sump  and  also  deposited  in  this  pit.  This  burning  pit  is  equipped 
with  a  pushing  device  to  spread  the  debris  to  be  burned,  from  one  end  to  the  other 
under  a  screen  in  order  to  provide  a  uniform  burning  area.  The  ashes  from  this  pit  are 
removed  weekly  and  disposed  on  a  dump  located  on  railroad  property. 


Report  on  Assignment  8 

Present    Trends    in    Modernization    of    Yards 
and    Terminals    in    Foreign    Countries 

G.  H.  Chabot  (chairman,  subcommittee),  R.  O.  Balsters,  A.  E.  Biermann,  J.  A.  Bing- 
ham, R.  E.  Bredberg,  E.  G.  Brisbin,  B.  E.  Grumpier,  H.  M.  Dalziel,  D.  C.  Hastings, 
B.  Laubenfels,  G.  Lichtenwalner,  H.  J.  McNally,  \V.  H.  Pollard,  J.  Sutton,  W.  A. 
Wood. 

Your  committee  submits  as  information  the  following  report  on  present  trends  in 
the  modernization  of  yards  and  terminals  in  foreign  countries,  with  the  recommendation 
that  the  subject  be  continued. 

A.  GREAT  BRITAIN 
1.  Marshalling  Yards 

The  British  National  Railways  have  developed  a  master  plan  to  reduce  the  number 
of  yards  from  111  to  42.  Most  of  the  present  classification  yards  are  flat  yards,  small 
and  inefficient.  It  is  proposed  in  this  program  to  up-grade  existing  yards  and  to  build 
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new  yards  to  replace  the  larjic  number  of  small  yards.  This  program,  which  was  started 
in   1956,  is  progrcssinj;  rapidly  and  includes  many  new  developments. 

(a)  Dringhouses  Yard,  near  York  in  the  North  Eastern  Region  is  the  first  mar- 
shalling yard  in  the  country  to  deal  with  fully  braked  freight  trains.  It  was  converted 
from  a  flat  yard  to  a  hump  yard  with  a  gravity  run  through  proportional  retarders. 
Its  car  capacity  was  increased  by  lengthening  the  existing  body  tracks  and  adding  9 
tracks.  A  pneumatic  tube  system  has  been  installed  for  expedient  delivery  of  car 
information  and  processing  data. 

(b)  Margam  Yard,  in  South  Wales  in  the  Western  Region,  a  new  yard  opened  in 
1960  and  called  the  most  up-to-date  yard  in  Europe,  consists  of  a  12-track  receiving 
yard,  hump  and  50-track  classification  yard,  designed  primarily  for  southbound  traffic. 
All  yard  tracks  have  continuous  welded  rails.  Hump  speed  is  controlled  by  two  primary 
and  eight  secondary  retarders  electro-pneumatically  operated.  The  speed  of  cars  is 
determined  by  radar.  The  routing  of  cars  is  coded  and  specified  by  a  6-digit  binary  code. 

(c)  Millerhill  Yard,  in  the  Scottish  Region,  the  largest  yard  in  Scotland,  consists 
of  two  hump  yards,  one  on  each  side  of  the  main  line,  both  fully  automated,  replacing 
wholly  or  in  part  6  fiat  yards.  The  up  yard  consists  of  an  8-track  receiving  yard,  hump 
and  a  40-track  classification  yard;  the  down  yard  is  similar  in  layout  to  the  up  yard 
except  that  it  has  two  separate  receiving  yards  of  5  and  6  tracks.  Each  classification 
yard  is  divided  into  6  groups,  each  with  its  group  retarder.  Communication  is  handled 
by  pneumatic  tube,  and  classification  of  cars  is  specified  and  routed  by  a  binary  code. 

(d)  Kingmoor  or  Carlisle  Yard  in  the  Midland  Region  consists  of  two  parallel 
yards  occupying  a  230-acre  site,  3  miles  long  and  %  mile  wide.  The  up  yard  is  the 
larger.  Both  yards  have  a  receiving  yard,  hump,  hump  retarders,  group  retarders,  clas- 
sification yard  and  departure  yard,  and  use  fully  integrated  automatic  selection  and 
control  equipment.  The  up  classification  yard  has  48  tracks  subdivided  into  8  groups 
with  a  total  capacity  of  3340  cars;  the  down  classification  has  37  tracks  (six  groups) 
with  a  capacity  of  2330  cars.  Communication  is  by  pneumatic-tube  transmission  system. 

(e)  Perth  Yard,  two  miles  north  of  Perth  in  the  Scottish  Region,  is  a  fully  mechan- 
ized hump  yard  replacing  4  smaller  yards.  The  receiving  yard  abuts  the  main  line,  and 
the  hump  classification  yard  is  parallel  and  adjacent  to  the  receiving  yard;  the  classi- 
fication yard  has  a  master  retarder  and  5  group  retarders  serving  6  tracks  each,  two 
of  these  groups  being  used  for  down  traffic  and  the  other  for  up  traffic.  Classification 
is  controlled  by  electronic  and  automatic  equipment.  The  yard  is  lighted  by  iioodhght 
projectors  mounted  on  five  l50-ft  towers. 

(f)  Tees  Yard,  at  Newport  in  the  North  Eastern  Region,  was  built  on  the  site  of  an 
existing  yard  in  10  stages.  It  is  known  as  a  semi-automatic  yard  i.e.,  the  master  retarder 
is  fully  automatic  but  the  secondary  or  group  retarders  are  manually  controlled  by  the 
operator  who  has  the  selection  of  6  leaving  speeds  based  on  the  rollability  and  weight 
of  car,  temperature,  wind  and  other  variables.  The  basic  layout  of  the  yard  comprises 
a  down  yard  for  traffic  coming  into  Tees  and  an  up  yard  for  traffic  leaving  the  area, 
each  yard  having  a  receiving  yard,  hump,  40-track  classification  yard,  and  departure 
yard,  altogether  containing  153  tracks  with  a  total  track  length  of  66  miles,  occupying 
a  200-acre  site.  Details  of  incoming  trains  are  recorded  on  cut-cards,  and  the  informa- 
tion is  passed  by  telephone  to  control  towers.  Routing  into  the  tracks  is  by  switch 
control,  and  routes  may  be  pre-set  for  up  to  SO  separate  cuts.  Provisions  have  been 
taken  to  convert  this  yard  to  a  fully  automatic  operation. 

(g)  Tyne  Yard,  south  of  Newcastle  in  the  North  Eastern  Region,  was  built  to 
replace  9  smaller  yards  handling  26  million  tons  of  traffic  annually.  It  is  a  hump  yard 
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with  2  master  and  8  group  retarders.  At  the  leaving  end  of  the  classification  yard 
there  is  a  secondary  hump  with  2  group  retarders,  one  serving  a  10-track  departure 
yard  and  the  other  serving  10  tracks  for  secondary  classification.  Tyne  Yard  is  designed 
to  handle  traffic  in  three  directions,  but  all  incoming  traffic  is  arranged  to  enter  the 
southern  end  of  the  yard  because  more  traffic  flows  to  the  north  than  in  the  other  two 
directions  combined. 

(h)  Healey  Mills  Yard,  west  of  Wakefield  in  the  North  Eastern  Region  is  the  last 
yard  in  this  region  to  be  opened.  It  is  a  two-way,  semi-automatic  hump  yard  with 
receiving  yard,  50-track  classification  yard,  2S-track  secondary  classification  yard, 
departure  and  staging  yards.  The  two  hump  retarders  are  fully  automatic,  while  the 
group  retarders  are  semi-automatic;  classification  is  processed  as  outlined  in  Tees  Yard 
above.  Yard  communication  is  handled  through  talk-back  loudspeakers  and  a  system 
of  inductive  radio-telephone  between  the  control  tower  and  switch  engines. 

2.  Freight  Terminals 

The  present  trend  is  to  concentrate  the  handling  of  merchandise  in  large  terminals 
serving  several  communities,  thereby  eliminating  the  smaller  terminal  serving  each 
individual  community.  Some  of  the  recent  installations  of  this  type  are  as  follows: 

(a)  Stoke-on-Trent  freight  terminal  serving  the  London  Midland  Region  handles 
the  traffic  of  9  previous  terminals.  It  extends  over  an  area  of  iTJ/o  acres  and  consists 
of  a  shed  covering  both  inbound  and  outbound  consigments,  office  buildings,  scale  and 
nearly  a  mile  of  track.  The  shed,  460  ft  long  and  404  ft  wide,  is  equipped  with  the 
latest  handling  equipment,  including  2  slat  conveyors,  each  400  ft  long,  which  travel  at 
40  ft  per  min.  An  overhead  traveling  crane,  mobile  cranes  and  electric  tractors  also 
contribute  to  the  efficient  handUng  of  merchandise.  The  service  is  complemented  with  a 
fleet  of  trucks  which  can  be  maintained  and  parked  on  the  site. 

(b)  Tyneside  Central  freight  depot  at  Gateshead,  completed  in  June  1963,  has 
facilities  for  receiving,  reconsignment  of  and  forwarding  LCL,  and  for  handling  carload 
shipments.  The  largest  unit  is  the  receiving  and  reconsignment  shed,  818  ft  long  by 
170.5  ft  wide.  Merchandise  is  moved  on  two  parallel  conveyors  extending  the  full  length 
of  the  shed,  and  the  whole  area  is  served  by  a  54-ton  gantry  crane  for  heavy  and  bulky 
packages.  The  forwarding  shed,  870  ft  long  by  96.5  ft  wide,  covers  4  tracks  with  a 
capacity  of  146  cars  served  by  two  30-ft  roadways  and  two  1-ton  electric  mobile 
cranes.  Carload  shipments  are  handled  in  an  open  area  served  by  5  tracks  with  a  total 
capacity  of  93  cars,  by  3  roadways,  and  by  a  20-ton  mobile  crane.  Provision  has  been 
made  for  2  additional  tracks  to  handle  carload  shipments.  Other  facilities  at  this  freight 
depot  include  office  buildings,  2  truck  scales,  maintenance  garage,  and  various  related 
facilities. 

(c)  Walshall  freight  depot  of  the  London  Midland  Region  handles  LCL  previously 
handled  in  9  stations  serving  26  towns  in  a  2S0-sq-miIe  area.  The  facility  covers  a  57- 
acre  site  and  has  the  latest  mechanical  handling  equipment,  including  a  440-ft  slat  con- 
veyor in  a  480-ft  by  207-ft  shed.  Other  facilities  include  a  combined  office  and  per- 
sonnel building,  garage  for  parking  and  maintaining  the  76  delivery  trucks  assigned  at 
that  point,  cattle  dock,  scale,  side  and  end-loading  docks  and  miscellaneous  other  struc- 
tures. The  large  shed  mentioned  above  can  shelter  120  cars  on  6  tracks;  other  tracks  at 
this  depot  can  accommodate  another  316  cars.  This  fk'i^ot  handles  an  average  of  700 
tons  of  freight  daily. 

Bull.  !M1 


164 Yards   and   Terminals 

3.  Locomotive  Terminal 

Thornal)y  motive  power  depot  in  Tecs  Yard  was  desiRned  to  accommodate  200 
steam  locomotives  with  provisions  for  future  conversion  to  handle  diesel  locomotives. 
Its  facilities  include  a  .560-def;  roundhouse,  running  repair  shop,  inspection  pits,  coaling 
plant,   turntable  and  water  tower.  It  was  placed  in   full  operation  in   1960. 

B.  FRANCE 

1.  Marshalling  Yards 

Creil  Yard,  approximately  25  miles  north  of  Paris,  serving  the  Northern  Region 
of  France,  was  a  flat  diamond-shaped  yard  and  was  restricted  in  growth  by  its  location. 
As  this  yard  could  handle  only  250  to  300  cars  per  day,  it  was  modernized  in  1960  by 
utilizing  the  land  available,  by  rearranging  and  lengthening  the  16  orginal  tracks  which 
were  used  for  receiving,  classification  and  departure,  and  by  adding  4  tracks.  Now  this 
yard  can  handle  as  many  as  550  cars  during  the  night.  It  has  a  hump  track  with  hump 
run-around  at  each  end — the  hump  having  4  single-rail-type  retarders.  This  yard  fea- 
tures sodium   lighting,  pneumatic  tube  system,  and  talk-back  speakers. 

2.  Piggyback  Terminals 

Lyon-Montagny  piggyback  installation,  located  east  of  "Moulin-a-Vent"  (Wind- 
mill) Yard,  has  been  up-graded  to  handle  4000  cars  per  month.  The  new  installation 
for  end-loading  has  a  dock  area  of  over  1000  sq  ft  and  a  30-ft  ramp  serving  2  groups 
of  4  tracks  with  an  aggregate  length  of  2300  ft.  Parking  facilities  llSO  ft  long  permit 
storage  of  100  trailers.  It  also  has  a  single  track  with  an  end  ramp  for  automobile 
transit  and  another  track  with  overhead  craneway  to  handle  palletized  merchandise. 
There  are  various  buildings  for  offices,  lunch  and  locker  rooms,  towing  equipment  repairs, 
etc.  A  3S-ton  scale  has  been  erected  at  the  entrance  of  this  entire  installation.  These 
facihties  can  handle  a  solid  train  without  the  necessity  of  its  being  classified  in  the  yard. 

3.  Passenger  Depots 

Train  movements  serving  the  Paris  passenger  terminal  have  been  totally  electrified. 
The  electrification  was  placed  in  operation  in  1962.  The  nerve  center,  a  large  tower 
building,  is  situated  near  the  entrance  proper  and  contains  a  large  console  and  all  neces- 
sary electronic  equipment.  This  electrification,  along  with  major  track  changes,  has  per- 
mitted the  handling  of  longer  passenger  trains,  expedited  train  movements  and 
eliminated  9  towers. 

4.  Waterfront  Terminals 

The  port  of  Marseilles  has  almost  14  miles  of  piers  with  135  docking  berths,  85  of 
which  are  served  by  rail,  and  a  total  trackage  of  nearly  70  miles.  As  growth  to  the 
north  occurs,  additional  yards  are  constructed.  The  port  is  served  from  4  main  yards. 
This  complex,  serving  more  than  50  shipping  companies,  resulted  in  considerable  con- 
gestion. In  I960  a  central  bureau  to  control  the  placing  of  cars  on  the  various  docks 
was  established.  A  special  console  keeps  the  port  officer  posted  as  to  the  space  available 
at  each  pier  for  the  placement  of  cars  and  also  indicates  if  the  cars  already  spotted 
are  loads  or  empties.  Cars  are  normally  placed  by  9:00  am  on  orders  received  by 
3:30  pm  the  previous  day. 

C.  ALGERIA 

Caroubier  Yard  in  Algiers  was  built  in  1943  shortly  after  the  landing  of  the  Allied 
troops  in   North   Africa   to   handle  east  and   west   military   traffic  destined   for  Tunisia. 
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It  consisted  of  14  tracks  without  facilities  for  receiving  and  departing  trains;  in  fact, 
two  tracks  were  normally  used  to  receive  and  store  trains  awaiting  classification.  Several 
improvement  were  made  in  1950,  but  the  continuous  increase  of  traffic  and  the  growth 
of  industries  in  the  area,  including  a  large  refinery,  made  it  necessary  by  1960  to  change 
from  a  manual  to  an  automatic  switching  operation.  This  measure  more  than  doubled 
the  number  of  cars  handled  and  provided  for  future  expansion.  The  layout  is  designed 
to  permit  the  installation  of  automatic  braking  equipment  if  found  necessary  without 
alteration  at  the  receiving  end  of  this  classification  yard. 

D.  INDIA 

Mughalsarai  Yard  near  Banaras,  India,  some  360  miles  northwest  of  Calcutta,  is 
divided  into  2  yards,  called  up  yard  and  down  yard.  The  up  yard,  a  mechanized  hump 
yard  on  the  main  line  to  Calcutta,  is  the  biggest  marshalling  yard  in  India.  Generally, 
the  installation  consists  of  a  12-track  receiving  yard,  a  hump,  4  electro-pneumatic 
double-rail-type  retarders,  and  a  saucer  classification  yard  consisting  of  37  tracks  divided 
into  4  groups.  The  hump  ascending  grade  is  0.17  percent  and  descending  is  6.25  percent. 
Hump  speed  is  controlled  by  a  weight-rail  device  limiting  the  maximum  pressure  to  be 
applied  to  the  retarders.  Car  information  for  classification  is  handled  with  teleprinters 
and  furnished  to  the  control  tower. 
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(E)  Member  Emeritus. 

Those    whose    names    are    .set    in    bold-face    type    constitute    the    Engineering    Division,    .\.\R,    Com- 
mittee 9. 


To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Brief  progress   report,  submitted  as  information    page  168 

2.  Merits  and  economics  of  prefabricated  types  of  highway-railway  grade 
crossings. 

Progress   report,   submitted   as   information    page  168 

3.  Merits  of  various  types  of  highway-railway  grade  crossing  protection,  col- 
laborating with   Communication  and  Signal  Section,  AAR. 

Progress   report,   submitted  as   information    page  1 70 

5.  Recommended  method  of  developing  annual  maintenance  cost  of  various 
types  of  highway-railway  grade  crossing  protection,  collaborating  with  Com- 
munication and  Signal  Section,  AAR. 

Final  report,  submitted  as  information    page  1 72 

6.  Methods  of  providing  additional  advance  warning  to  highway  traffic 
approaching  a   highway-railway   grade  crossing. 

Progress  report,  submitted  as  information   page  17.? 

7.  Conduct  study  with  the  view  toward  developing  alternate  types  of  auto- 
matic crossing  protection,  collaborating  with  Communication  and  Signal 
Section,  AAR. 

Brief  progress   report,  submitted  as  information    page  176 

The  Committee  on  Highways, 

R.  W.  Mauer,  Chainiiaii. 

.■\RE.\    Rullflin    .S81,   \ovemher    1963. 

167 


168 Highways 

Report  on  Assignment   1 

Revision  of  Manual 

E.  R.  Englert  (chairman,  subcommittee),  F.  N.  Barker,  A.  C.  Cavou,  C.  A.  Christensen, 
F.  C.  Cunningham,  F.  Daugherty,  Wm.  J.  Hedley,  J.  T.  Hoelzer,  J.  A.  Jorlett, 
E.  S.  Miller,  D.  J.  Moody,  T.  C.  Netherton,  R.  E.  Nottingham,  W.  C.  Pinschmidt, 
J.  E.  Spangler,  H.  J.  Wilkins,  M.  A.  Wohlschlaeger,  K.  E.  Wyckoff. 

At  your  committee's  meeting  on  October  8,  1963,  in  Chicago,  the  members  present 
approved  the  submittal  of  a  letter  ballot  to  all  members  for  the  elimination  of  Fig.  1, 
page  9-2-2,  Highway  Crossing  Sign,  Painted,  6-Ft,  50-dcg  type,  and  Fig.  2,  page  9-2-3, 
Highway  Crossing  Sign,  Reflector,  6-Ft,  50-deg  type,  from  the  Manual.  The  ballot 
would  also  provide  for  the  elimination  of  Fig.  4,  page  9-2-5,  Highway  Crossing  Sign, 
Reflector,  4-Ft,  90-deg  type  from  the  Manual  and  changes  in  Fig.  3,  page  9-2-4,  High- 
way Crossing  Sign,  Painted,  4-Ft,  90-deg  type,  so  that  this  figure  would  be  applicable 
to   both   painted  and  reflector-type   signs. 

Upon  approval  of  the  required  number  of  Committee  9  members  for  these  Manual 
changes,  your  committee  will  handle  this  subject  with  other  interested  groups  for  their 
approval. 

It  is  expected  that  all  necessary  approvals  will  be  obtained  and  that  this  recom- 
mendation for  revision  of  Manual  will  be  submitted  for  adoption  by  the  Association 
in    1965. 

This  is  a  progress  report,  submitted  as  information. 


Report  on  Assignment  2 

Merits   and   Economics   of   Prefabricated   Types 
of   Highway-Railway   Grade   Crossings 

J.  T.  Hoelzer  (chairman,  subcommittee),  F.  N.  Barker,  W.  A.  Buckmaster,  C.  A.  Chris- 
tensen, M.  H.  Corbyn,  R.  Dejaiffe,  W.  H.  Huffman,  R.  F.  MacDonald,  C.  B.  May, 
R.  E.  Nottingham,  R.  J.  Pierce,  P.  H.  Slack,  R.  E.  Skinner,  K.  E.  Smith,  C.  W. 
Traister,   H.  W.  Walbright,   G.  H.  Way,  Jr.,  H.  J.  Wilkins. 

Prefabricated   highway-railway   grade   crossings   are   of  the   following  types: 

(a)  Concrete  slab  crossings,  which  generally  are  sectional,  full-depth,  and  rein- 
forced. They  are  usually  metal  armored  around  the  top  edges,  and  may  be 
either  fastened  or  not  fastened  to  the  cross  ties. 

(b)  Metal  panel  crossings,  consisting  of  sectional  metal  plates,  or  sectional  open- 
mesh  metal  grating  panels  about  2]/^  in  thick,  placed  on  top  of  blocking  or 
shims,  and  fastened  to  the  cross  ties. 

(c)  Timber  panel  crossings,  generally  consisting  of  sectional  full-depth  creosoted 
hardwood,  fastened  to  the  cross  ties. 

(d)  Rubber  panel  crossings,  which  are  lYz  to  3  in  thick,  molded  onto  corrugated 
steel  insert  plates,  placed  on  top  of  shims  or  blocking,  and  fastened  to  the 
cross  ties. 

(e)  Bituminous-paved  crossings,  which  are  extensively  used  with  treated  timbers 
along  bolh  sides  of  the  rails.  With  the  exception  of  the  timbers  which  may 
be  undercut  along  one  bottom  edge  to  fit  over  the  tie  plates,  and  are  usually 
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prcbored  for  lag  screws  or  drive  spikes,  such  crossings  arc  not  considered 
prefabricated.  However,  because  of  their  extensive  use,  they  are  included  in 
this  report. 

Unit  initial  installation  or  renewal  expense  of  even  the  same  type  of  crossing  can 
vary  greatly  at  different  locations.  Material  costs  may  vary  considerably,  depending 
on  the  quantity  purchased  at  one  time,  transportation  and  handling  charges,  stores 
expense,  whether  end-beveled  material  is  required,  and  whether  tie  pads  are  used.  Labor 
and  incidental  costs  can  vary  greatly,  depending  on  the  class  of  labor  and  equipment 
used,  the  distances  the  workmen  have  to  travel,  whether  work  is  done  under  railway 
and  highway  traffic,  the  amount  and  frequency  of  such  traffic  interference,  whether 
highway  traffic  can  be  temporarily  diverted,  weather,  and  other  conditions. 

The  expense  of  such  prior  work  as  preparing,  repairing,  or  rehabilitating  the  track 
and  roadbed  within  the  crossing  limits  should  be  disregarded  in  comparing  installation 
costs  of  various  types  of  crossings.  Such  work,  although  desirable  and  necessary,  has  no 
bearing  on  the  actual  installation  costs,  providing  the  existing  cross  ties  are  suitable  for 
the  crossing  material.  Such  prior  work  may  consist  of  renewal  of  rail  and  ballast, 
correction  of  drainage,  spacing  of  cross  ties,  and  surfacing  the  track. 

Obviously,  the  annual  unit  maintenance  cost  and  life  of  crossings  are  dependent 
upon  varying  factors  such  as  volume,  speed,  weight,  and  impact  of  highway  and  railway 
traffic;  weather  conditions;  drainage,  track,  subgrade  and  ballast  conditions;  frequency 
and  extent  of  inspection  and  "patching"  necessary;  distance  workmen  have  to  travel; 
and  class  and  rate  of  pay  of  labor  used. 

Concrete  slab  crossings  may  become  unsatisfactory  because  of  the  rocking  and 
flipping  action  of  the  slabs  that  may  result  from  bad  rail,  tie,  ballast  and  drainage  con- 
ditions, or  heavy  highway  truck  axle  loading,  whereas  an  improved  design  of  slabs, 
along  with  proper  drainage,  use  of  welded  rail,  and  fastening  the  slabs  to  the  ties  may 
result  in  a  satisfactory  crossing. 

The  following  tabulation  of  the  merits  of  various  types  of  highway-railway  grade 
crossings  are  generally  applicable: 


Type  of  Cross 

ny 

Adrnnlai/cous  Item 

Concrete 
Slabs 

Metal 
(Iratinii 

Full 
Depth 
Tiinbi  r 

RiMwr 
J'aueh 

Bitumi- 
nous 
with 

Timbers 

1.  Relatively  low  material  cost .    , 

X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 
X 

X 

.\ 

X 
X 
X 
X 

X 
X 

\ 

2.   Relativel.v  low  iii-stallation  labor  co.st 
.3.    Kclativclv  low  luaiiitenaiice  expeii.>ip_ 

\ 

X 

X 
X 

X 

4.    I{('lati\cl.v  low  annual  (icprcciation 

.").    Kelativelv  long  .serxife  life            

X 

ti.   Track  labor  can  Ki'ncrallv  iii.stall . 

X 
X 
X 

X 

X 

\ 

7.   l,ow  frc<|u('ncv  of  attention  neces,sary . 

8.    Removal  and  reu.se  fairly  ea.sy , 

it.  Concrete  or  other  type  of  headers  not  needed 
at  end.s  of  ties     ^        .._         ..    

10.  I'lanRewav  or  other  type  fillers  not  needed  .. 

11.  Shims  or  blockiiiK  not  re(iuireil 

X 

12.   \o  probability  of  shunting  track  cireuit.s.   __ 

l.'J.    Minimum  adver.se  effect  on  cro.ss  tie.s_  _ 

N.    No  serious  efTeot  by  brine,  oil  or  salt          

X 

X 
X 

I  .">.   Minor  damaKc  by  draKgiii)?  railroad  equipment 
111.    .\o  serious  effect  bv  churninK  or  heaving  track. 

X 

X 

17.    Headilv  adaptable  for  use  over  turnouts 

.\ 

18.    Material  mav  be  roughly  handled. 

X 

1!t.    High  resistance  to  abrasive  wear 

X 

11 

X 

.     Total              .    .         ..      _           

(• 

17 

12 

11 
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There  is  a  wide  variation  in  unit  installation  and  maintenance  costs  of  the  same 
type  of  crossing  at  different  locations.  However,  the  following  tabulation  shows  the 
comparative  ratios  of  installation  and  annual  unit  costs  that  may  be  generally  expected 
for  various  types  of  crossings  installed  at  the  same  location  and  maintained  under  the 
same  conditions.  Included  in  the  annual  costs  is  expense  for  depreciation,  interest  on 
undepreciated  portion  of  investment,  and  average  maintenance  anticipated. 


Type  of  Crnxning 


Concrete  slabs 

Metal  «iatirig 

Kull-deptli  timber  panels. 

Hubber  panels       

Hituniinous  with  timbers 


Unit  I nxtallalidri 
Cost  Ratio 

Unil  Annual 
Cost  Ratio 

1.(1 
4.8 
1,4 
.").4 
1.0 

1.0 
1.9 
0.8 
1.8 
1.0 

Annual  unit  cost  is  dependent  upon  years  of  service  life,  original  installation  and 
maintenance  expense.  Since  these  items  are  variable,  they  may  require  altering  the  above 
comparative  expense  ratios  for  any  specific  crossing. 

Records  are  being  kept  by  some  railroads  of  actual  installation  and  maintenance 
expenses  of  a  few  crossings  of  various  types.  The  costs  developed  would  not  necessarily 
apply  at  other  locations  and  under  other  circumstances,  but  may  be  a  guide  in  deter- 
mining approximate  comparative  costs. 

Application  of  any  of  the  above  type  of  highway-railway  grade  crossing  materials 
can  result  in  a  satisfactory  crossing.  A  number  of  railroads  have  adopted  full-depth 
treated  timber  panel  crossings  as  the  preferred  type,  on  the  basis  of  their  initial  cost, 
low  maintenance,  ease  of  instalHng,  and  satisfaction  to  users. 

This  is  a  progress  report  submitted  as  information.  Your  committee  recommends 
that   the  assignment  be  continued. 


Report  on  Assignment  3 

Merits  of  Various   Types   of  Highway-Railway 
Grade    Crossing    Protection 

Collaborating    with    Communication    and    Signal    Section,    AAR 

J.  A.  Jorlett  (chairman,  subcommittee),  W.  S.  Autrev,  G.  B.  Blatt,  A.  C.  Cavou,  M.  H. 
Corbyn,  R.  Dejaiffe,  E.  R.  Englert,  Wm.  J.  Hedlev,  J.  A.  Holmes,  R.  F.  Mac- 
Donald,  C.  B.  Mav,  H.  L.  Michael,  D.  J.  Moodv,  T.  C.  Netherton,  R.  F.  Spars, 
J.  M.  Trissal,  G.  H.  Way,  Jr.,  H.  J.  Wilkins,  K.  E.  Wyckoff. 

Two  comprehensive  studies  of  highway-railway  grade  crossing  accident  prediction 
by  formula  derived  from  mass  statistical  analysis,  one  of  a  single  railroad  in  the  State 
of  Iowa  and  the  other  of  all  railroads  in  the  State  of  Ohio,  have  been  made  under 
direction  of  your  committee.  A  report,  "Analysis  of  Railroad  Crossings  and  Accident 
Data  for  the  State  of  Ohio  During  the  10-year  Period  1949  through  1958",  was  prepared 
by  the  Armour  Research  Foundation  of  the  Illinois  Institute  of  Technology,  with  funds 
provided  through  the  Research  Department  of  the  Association  of  American  Railroads. 
Correlation  of  the  numerous  variables  which  affect  the  risk  factors  were  made  by  the 
research   agency,   and   the   ones  most  relevant   were  used   to   derive   the   formulas.  This 
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report  has  not  been  distributed.  When  the  report  is  distributed,  it  will  include  the 
"Foreword"  prepared  and  printed  in  the  1963  AREA  Proceedings,  to  guard  against 
misuse  of  the  data  and  acceptance  of  the  formulas  as  infallible  because  of  certain 
deficiencies  in  the  available  information. 

Development  of  this  assignment  was  held  in  abeyance  becau.se  of  the  action  being 
pursued  arising  from  an  investigation  of  the  Interstate  Commerce  Commis.sion  on  the 
"Prevention  of  Rail-Highway  Grade  Crossing  Accidents  Involving  Railway  Trains  and 
Motor  Vehicles",  Docket  No.  3.5440.  Hearings  covering  rail-highway  grade  crossing 
accidents  were  held  in  1961  and  1962.  On  May  21,  1963,  the  examiner's  report  was 
submitted,  and  the  first  of  its  11  recommendations  was  that  Congress,  by  resolution, 
or  the  President,  by  executive  order,  create  an  organization  charged  with  several  duties, 
one  of  which  would  make,  or  arrange  for  the  making  of,  studies  to  evaluate  the  causes 
of  grade  crossing  accidents  as  a  basis  for  preventive  measures. 

The  import  of  the  hearings  and  the  recommendations  have  been  translated  into 
action  under  the  .'\merican  Association  of  State  Highway  Officials  (.^.ASHO)  National 
Cooperative  Highway  Research  Program  (NCHRP)  project,  "Factors  Influencing  Safety 
at  Highway-Rail  Grade  Crossings."  The  objectives  of  the  project,  three  in  number, 
would: 

(1)  Explore  the  many  factors  concerned  with  accidents  at  highway-railway  grade 
crossings  and  correlate  them.  In  the  scope  they  would:  (a)  make  a  resume 
of  previous  research  directed  to  crossing  accident  prediction  and  crossing 
protection,  and  (b)  assemble  and  analyze  available  data  of  current  relevance 
to  the  problem. 

(2)  Develop  an  experimental  design  for  further  research  into  crossing  accident 
prediction. 

(3)  Explore  for  new  hardware,  or  other  innovations,  which  might  provide  more 
effective   and   more   economical   means  of  protection. 

Funds  have  been  appropriated  to  accomplish  objectives  1  and  2  for  the  coming 
year,  and  it  is  expected  that  an  announcement  will  be  made  soon  of  the  research  agency 
selected  for  the  NCHRP  study. 

This  project  is  so  closely  allied  to  the  direction  followed  by  your  committee  on  its 
assignment  that  it  recommends  that  the  committee  follow  the  progress  of  this  study  and 
report  its  findings  to  the  Association. 

This  is  a  progress  report  submitted  as  information.  Your  committee  recommends 
that  the  assignment  be  continued. 
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Report  on  Assignment  5 

Recommended    Method   of   Developing   Annual    Main- 
tenance Cost  of  the  Various  Types  of  Highway- 
Railway  Grade  Crossing  Protection 

Collaborating    with    Communication    and    Signal    Section,    AAR 

F.  C.  Cunningham  (chairman,  subcommittee),  W.  S.  Autrey,  G.  B.  Blatt,  W.  A.  Buck- 
master,  A.  C.  Cavou,  M.  H.  Corbvn,  C.  I.  Hartsell,  J.  A.  Holmes,  J.  A.  Jorlett. 
E.  S.  Miller,  T.  C.  Netherton,  R.  J.  Pierce,  P.  H.  Slack,  K.  E.  Smith.  J.  E.  Spangler, 
R.  F.  Spars,  C.  W.  Traister,  H.  W.  VValbright. 

Communication  and  Signal  Section,  AAR,  Committee  8  completed  an  actual  cost 
record  study  for  a  period  of  one  year,  from  July  1,  1961,  to  June  30,  1962,  compiling 
the  actual  costs  which  were  furnished  by  41  representative  railroads  of  the  United  States 
and  Canada,  and  covering  27  states  and  3  provinces  for  this  period.  Committee  8's 
report  was  approved  by  the  Communication  and  Signal  Section  Committee  of  Direction, 
and  presented  at  the  Communication  and  Signal  Section's  Annual  Meeting  in  October 
1963  as  information. 

From  the  cost  data  supplied.  Signal  Committee  8  found  that  the  average  annual 
maintenance  cost  of  flashing-light  signals,  including  those  installed  on  single  track  and 
multiple  tracks,  and  in  both  signaled  and  non-signaled  territory,  is  $581 ;  also  that  the 
average  annual  maintenance  cost  of  flashing-light  signals  and  gates,  grouped  in  similar 
manner,  is  $1099,  both  based  on  the  year  1961  costs;  and  recommended  that  these  costs 
be  trended  to  subsequent  years  by  Interstate  Commerce  Commission  Indices  for  Account 
27    (Signals  and  Interlockers) ,  applicable  to  the  various  geographical  regions. 

Consideration  has  been  given  to  compiling  these  actual  costs  separately  by  geograph- 
ical regions,  or  in  some  other  manner,  and  as  to  whether  any  substantial  difference 
would  result  by  sub-grouping  the  costs  based  on  number  of  tracks.  This  was  found 
impractical,  as  slight  differences  resulted  from  sub-grouping  by  tracks,  due  to  the  many 
variables,  such  as  the  irregular  pattern  of  the  different  regional  groups,  climatic  condi- 
tions, wide  variations  in  density  of  traffic  and  problem  of  access  and  traveling  distance 
on  most  signal  maintainer's   territory,  etc. 

Therefore,  your  committee  recommends  that  the  average  annual  maintenance  costs 
of  $581  and  $1099  for  the  year  1961  be  used  as  outlined  above. 

This  is  a  final  report,  presented  as  information.  Your  committee  recommends  that 
the  assignment  be  discontinued. 
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Report  on  Assignment  6 

Methods  of  Providing  Additional  Warning  to  Highway 

Traffic  Approaching  a  Highway-Railway 

Grade  Crossing 

C.  W.  Traister  (chairman,  subcommittee),  W.  S.  Autrev,  G.  B.  Blatt,  W.  A.  Buckmaster, 
F.  C.  Cunningham,  R.  Dejaiffe,  C.  I.  Hartsell,  J.  A.  Holmes,  VV.  H.  Huffman, 
C.  B.  May,  H.  L.  Michael,  E.  S.  Miller,  D.  J.  Moody,  R.  J.  Pierce,  VV.  C.  Pin- 
schmidt,  R.  E.  Skinner,  K.  E.  Smith,  J.  E.  Spangler,  R.  F.  Spars,  M.  A.  Wohl- 
schlacger,  K.  E.  Wyckoff. 

Your  committee  sent  a  questionnaire  to  the  various  state  highway  departments 
requesting  information  on  the  use  of  advance  warning  signs  at  highway-railway  grade 
crossings.  The  following  is  a  summary  of  the  replies  received 

1.  Jurisdiction  Over  Type  to  Be  Installed 

Although  only  two  states  (Pennsylvania  and  Wisconsin)  indicated  in  the  replies 
that  complete  jurisdiction  over  the  type  of  advance  warning  signs  rests  with  the  Public 
Utility  Commission,  it  may  very  well  be  that  the  same  conditions  prevail  in  many  of 
the  other  states. 

2.  Standard-Type  Advance  Warning  Sign 

(a)  Thirty-two  states  have  indicated  the  general  use  of  W  10-1  Railroad  Advance 
Warning  Sign  designated  and  described  as  IC-31  at  pages  68  and  69  in  the  "Manual 
on  Uniform  Traffic  Control  Devices  for  Streets  and  Highways",  publication  of  June 
1961,  as  follows:  "The  Railroad  Advance  Warning  Sign  shall  be  a  yellow  disc  ,36  in. 
in  diameter,  carrying  a  90-deg  crossbuck  'X'  and  the  letters  'R  R'  in  black."  These 
states  are: 


Arizona 

Arkansas 

Connecticut 

Delaware 

Georgia 

Idaho 

Illinois 

Iowa 

Kentucky 

Louisiana 

Maine 


Massachusetts 

Maryland 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 


Nevada 

North  Carolina 

North  Dakota 

Oregon 

Rhode  Island 

Utah 

West  Virginia 

Washington 

Wisconsin 

Wyoming 


(b)  In  the  replies,  eight  states  and  the  District  of  Columbia  did  not  indicate  the 
type  of  sign  presently  in  use,  although  it  can  safely  be  assumed  that  the  standards 
adopted  by  the  National  Joint  Committee  on  Uniform  Traffic  Control  Devices  and 
designated  in  the  June  1961  Manual  are  being  installed.  These  states  are: 


Colorado 

District  of  Columbia 

Oklahoma 


Indiana 
Kansas 
South  Carolina 


South  Dakota 

Vermont 

Virginia 


(c)   California  and  Pennsylvania  report  the  use  of  the  30-in-diameter  sign  consisting 
of  a  90-deg  crossbuck  "X"  and  letters  "R  R"  in  black  on  a  yellow  background. 
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(d)  Altliou^'li  onI\  one  state  (Connecticut)  indicated  in  the  replies  that  pavement 
marivinfis  are  used  in  accordance  with  the  Manual  on  Uniform  Traffic  Control  Devices 
for  Streets  and  Highways  (pages  139-141,  Fig.  2-9),  it  is  well  known  that  this  practice 
is  followed  in  many  other  states. 

3.   Criteria   for   Installation  of   Special-Type  Advance  Warning  Sign 

The  majority  of  the  replies  indicates  no  definite  pattern  for  the  adoption  of  a  special 
sign  for  providing  additional  advance  warning  to  highway  traffic  approaching  a  highway- 
railway  grade  crossing. 

(a)  One  state  (Ohio)  has  adopted  a  definite  standard  special  advance  warning  sign 
which  is  designated  as  W  91-48,  for  general  use  throughout  the  state  at  crossings  where 
no  automatic  track-activated  protective  devices  are  installed. 

This  sign,  48  by  30  in  with  90-deg  crossbuck  "X"  and  12-in  letters  "R  R"  in 
reflectorized  white  on  reflectorized  red  background,  is  placed  SO  ft  in  advance  of  crossing 
and  mounted  on  a  4-in  pipe  post  set  in  a  2-  by  3-ft  concrete  base  4  ft  below  the  surface 
of  the  ground  and  extending  7  to  12  ft  upward.  Amber  beacon  lights  6^  in.  in  diameter, 
which  blink  continuously,  are  mounted  above  and  below  the  sign.  The  sign  with  beacon 
lights  is  installed  at  crossings  where  the  volume  of  highway  traffic  is  heavy  and  the 
same  sign  without  lights  is  installed  at  crossings  of  less  importance. 

The  state  highway  department  has  made  these  signs  available  to  county  and  city 
officials  for  erection  at  no  cost,  but  with  the  provision  that  the  political  subdivision  erect 
and  maintain  the  signs  at  their  expense. 

It  should  be  noted  that  the  AASHO  rejected  the  signs  as  a  national  standard. 

(b)  Nine  states  (California,  Colorado,  Connecticut,  Idaho,  Indiana,  Massachusetts, 
Maryland,  Missouri  and  New  Jersey)  have,  at  specified  exceptionally  hazardous 
approaches,  made  a  few  installations  of  special  type  or  design: 

California — Illuminated  "RXR-GATE"  signs  with  8-in  letters  and  flashing  yellow 
beacons  800  ft  in  advance  of  crossing  (one  installation.)  At  several  locations  "RXR" 
neon  signs  suspended  across  the  highway  600-700  ft  in  advance  of  crossings,  actuated 
by  photo-electric  cells.  These  signs  are  being  removed  as  protection  is  upgraded,  and 
no  additional  neon  signs  have  been  installed  in  recent  years. 

Colorado — 4-  by  6-ft  plywood  panel,  with  enlarged  disc  painted  on  the  surface, 
consisting  of  a  90-deg  crossbuck  "X"  and  letters  "R  R"  in  black  on  yellow  background 
and  "1,(X)0  FT"  in  black  letters  on  white  background  below  the  disc.  Sign  is  mounted 
on  posts  on  right-hand  side  of  road,  1,000  ft  in  advance  of  crossing  (two  installations.) 

Connecticut — Many  states  use  the  "STOP"  sign  at  highway-railroad  crossings.  This 
protection  is  not  a  part  of  the  assignment  of  Subcommittee  6.  However,  the  State  of 
Connecticut  erects  a  48-  by  48-in  advance  warning  sign  reading  "STOP  AHEAD  AT 
RAILROAD  CROSSING",  with  4-in  black  letters  on  reflectorized  yellow  background, 
375  ft  in  advance  of  crossings  equipped  with  STOP  signs. 

Idaho — Two  8-in  amber  lights  mounted  horizontally  above  the  standard  W  10-1 
advance  warning  sign.  These  lights  flash  alternately  when  activated.  There  is  but  one 
such  installation  in  the  state. 

Indiana — Amber  beacons  mounted  1  ft  above  the  standard  advance  warning  sign 
with  continuous  alternate  flashing.  Originally,  there  were  five  installations  but  some 
were  removed  when  automatic  flashing-light  signals  were  installed.  Also,  at  one  location, 
track-circuit-activated  beacon  flashers  mounted  on  cantilevered  mast  arm  are  installed 
50  ft  in  advance  of  the  crossing.  Amber  beacons  flash  continuously  except  when  train 
is  on  the  circuit,  at  which  time  red  beacons  flash  alternately. 
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Massachusetts — This  state  reports  one  hication  where  a  30-in  neon  flasher  of 
"standard  shape  and  background  color"  is  installed  600  ft  in  advance  of  a  crossing. 

Maryland— One  location,  overhead  sign  with  the  words  "RAILROAD  CROSSING" 
on  one  line,  and  "1,000  FEET  AHEAD"  on  the  second  line.  Black  letters  10  in.  in 
height   on   yellow   reflectorized   background. 

Missouri — Larger  diameter  advance  warning  signs  mounted  on  wing  barricades  (Fig. 
5-2,  page  270  of  the  Manual  on  Uniform  Traffic  Control  Devices).  Also,  flashing  beacon 
connected  to  and  activated  by  flashing-light  crossing  signals  located  1,000  ft  in  advance 
of  a  crossing. 

New  Jersey — One  location,  on  left  side  of  divided  highway  500  ft  from  flashing- 
light  crossing  signals,  a  cantilever  sign  on  metal  pole  extending  8  ft  over  roadway  with 
4  ft  6  in  vertical  clearance,  8-  by  3-ft  sign  with  10-in  neon  red  letters  on  black  back- 
ground reading  "R.R.  SIGNALS  AHEAD".  Sign  is  activated  by  track  circuits  to  flash 
continuously  5  sec  before  to  5  sec  after  flashing-light  crossing  signals  operate. 

(c)  Three  states  (Illinois,  Minnesota  and  Wyoming)  indicated  that  the  W  10-1 
advance  warning  sign  was  adequate  and  that  no  reason  for  further  study  was  apparent 
to  them.  Four  states,  however  (Kansas,  Nebraska,  New  Mexico  and  Oklahoma),  were 
denfinitely  dissatisfied  with  the  adequacy  of  the  W  10-1  sign.  Kansas  and  Nebraska 
had  no  constructive  suggestions.  New  Mexico  and  Oklahoma  recommended  a  track- 
activated  advance  warning  flasher,  blinker  or  revolving  red  blinker  light.  It  was  recog- 
nized by  Oklahoma  that  the  cost  distribution,  installation  and  maintenance  of  such 
devices  would  be   fraught  with  problems. 

CONCLUSION 

It  does  not  appear  that  the  agencies  charged  with  the  responsibility  of  protecting 
the  highway  traveler  at  highway-railway  crossings  have  satisfactorily  resolved  the  prob- 
lem of  advance  warning  at  the  approaches  to  these  intersections.  It  follows,  therefore, 
that  we  should  continue  our  efforts  to  strive  for  acceptable  standards  which  will  be 
enthusiastically   received  both   by   the  states  and  the  railroads. 

It  is  apparent  that  one  standard  for  all  crossings  is  not  practical,  but  rather  a 
standard  sign  for  use  at  low-volume  highway  traffic  crossings  and  another  more  elaborate 
sign  for  the  heavy-volume,  hazardous  crossing  might  be  suggested. 

This  is  a  progress  report  submitted  as  information.  Your  committee  recommends 
that  the  assignment  be  continued. 
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Report  on  Assignment  7 

Conduct  Study  with  View  Toward  Developing  Alternate 
Types  of  Automatic  Crossing  Protection 

Collaborating    with    Communication    and    Signal    Section,    AAR 

C.  I.  Hartsell  (chairman,  subcommittee),  G.  B.  Blatt,  W.  A.  Buckmaster,  F.  C.  Cun- 
ningham, F.  Daugherty,  J.  T.  Hoelzer,  R.  F.  MacDonald,  H.  L.  Michael,  D.  J. 
Moody,  T.  C.  Netherton,  R.  E.  Nottingham,  P.  H.  Slack,  R.  E.  Skinner,  K.  E. 
Smith,  R.  F.  Spars,  C.  W.  Traister,  J.  M.  Trissal,  H.  W.  Walbright,  G.  H.  Way,  Jr. 

Experiments  are  being  carried  on  throughout  the  United  States  that  are  of  interest 
to  this  subcommittee,  such  as  additional  installations  of  the  "grade  crossing  predictor" 
mentioned  in  the  Committee's  1963  report.  Further  experiments  in  electronic  develop- 
ments have  come  to  the  committee's  attention  as  late  as  September  1963.  These  devel- 
opments are  so  recent  and  untested  that  a  report  on  them  is  not  warranted  at  this  time. 

Your  committee  recommends  that  the  subject  be  continued  so  that  it  may  watch 
and  report  on  the  various  developments  for  more  economical  highway-railway  grade 
crossing  protection,  such  as  may  be  developed  under  Objective  3  of  the  AASHO  National 
Cooperative  Research  Program  Project  previously  reported  on  under  Assignment  3. 
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*  Died  June    16,    1963. 
(E)  Member  Emeritus. 

Those    whose    names    are    set    in    bold-face    type    constitute    the    Engineering    Division,    AAR,    Com- 
mittee 20. 


To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress  report,  with  recommendations  submitted  for  adoption    page   178 

2.  Form  of  agreement  covering  purchase  and  application  of  weed-control 
chemicals   on   railway   property,   collaborating  with   Committee   1. 

Progress  report,  with  draft  of  a  form  submitted  for  consideration    page  179 

3.  Form  of  agreement  for  placing  commercial  advertising  on  railway  bridges. 

Final  report,  with  form  submitted  for  adoption   page  182 

4.  Form  of  agreement  to  cover  disposal  of  surplus  railway  property. 

Progress  report,  with  recommendations  submitted  for  adoption    page  185 

5.  Form  of  lease  for  railway  property  used  for  unloading  and  storing  liquified 
petroleum  gases,  anhydrous  ammonia,  and  other  flammable  or  dangerous 
materials. 

Progress  report,  submitted  as  information   page  185 

6.  Form  of  agreement  covering  rcimbur.semcnt  for  preliminary  engineering 
expenses. 

Progress  report,  with  draft  of  form  submitted  for  consideration   page  185 

7.  Bibliography  on  subjects  pertaining  to  contract  forms. 

No   report.   No   new   material  considered  significant   was   uncovered  during 
the  year. 

The  Committee  on  Contract  Forms, 

Donald  F.  Lyons,  Chairman. 


AREA  Bulletin   581,   November   1963. 
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MEMOIR 

Carl  €.  (J5ipc 

Carl  E.  Gipe,  engineer  operating  agreements,  Pennsylvania  Railroad,  Philadelphia, 
Pa.,  died  of  a  heart  attack  on  June  16,  1963,  on  his  way  to  the  hospital  from  his  home 
in  Bryn,  Mawr,  Pa. 

Carl  Gipe  was  born  December  3,  1905,  in  Columbia  City,  Ind.  He  graduated  from 
Purdue  University  in  1928  with  a  B.S.  degree  in  civil  engineering.  He  entered  service 
with  the  Pennsylvania  Railroad  in  1929  in  the  engineering  corps.  Rising  through  the 
ranks  in  the  maintenance  of  way  and  structures  department,  he  was  promoted  to  the 
position  held  at  the  time  of  his  death  on  January  1,  1957. 

Carl  Gipe  joined  the  Association  in  1947  and  became  a  member  of  Committee  20 
in  1959.  He  was  the  chairman  of  Subcommittee  4  at  the  time  of  his  passing. 

His  friendship,  and  his  experience  and  interest  in  the  work  of  Committee  20  will 
be  missed  by  those  of  us  who  worked  with  him. 


Report  on  Assignment  1 

Revision  of  Manual 

C.  L.  Gatton  (chairman,  subcommittee),  E.  M.  Hastings,  Jr.,  A.  F.  Hughes,  J.  S.  Lillie, 
W.  J.  Malone,  W.  G.  Nusz,  G.  W.  Patterson,  J.  L.  Perrier,  W.  R.  Swatosh,  J.  D. 
Taylor. 

The  AAR  Communication  and  Signal  Section  Committee  5,  in  connection  with  its 
general  review  of  Manual  material,  recommended  to  the  Section  at  its  1963  annual 
meeting  that  Signal  Manual  Part  57 — Agreements  on  Principles  Applicable  to  Joint 
Signal  Facilities,  be  revised  to  (1)  broaden  the  scope  of  joint  signal  facilities  to  cover 
other  than  joint  signal  facilities  between  railroads,  (2)  eliminate  the  requirement  for 
monthly  billing,  and  (3)  provide  for  division  of  costs  on  AAR  Signal  Unit,  or  other 
mutually  agreed  basis. 

The  Form  of  Agreement  for  Interlocking  as  published  in  the  AREA  Manual,  pages 
20-3-1  to  20-3-7,  incl.,  is  not  at  variance  with  the  C&S  Section's  recommendations  except 
as  concerns  the  requirement  for  monthly  billing.  Your  committee  recommends,  to 
eliminate  this  difference,  that  the  word  "monthly"  be  deleted  from  the  third  paragraph 
of  Sec.  8 — Payment  of  Bills,  page  20-3-5,  and  that  a  blank  be  substituted  therefor. 

Your  committee  further  recommends  the  following  editorial  changes: 

Pages  20-1-1   to  20-1-10.2,  incl. 

FORM  OF  CONSTRUCTION  CONTRACT 

Correct  spelling  of  the  word  "adjoining"  in  first  line  of  Sec.  11 — Use  of  Adjoining 
Property,  page  20-1-3. 

Pages  20-5-31  to  20-5-36,  incl. 

FORM    OF    LEASE    COVERING   RIGHT    TO    STRIP    MINE 
ON  RAILWAY  MISCELLANEOUS  PHYSICAL  PROPERTY 

Correct  spelling  of  word  "Strip-Mine"  in  title  of  the  Manual  Agreement,  page 
20-5-31. 
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Your  committee  has  reviewed  during  the  year  the  Form  of  Agreement  for  the 
Organization  and  Operation  of  a  Joint  Passenger  Terminal  Project  appearing  on  Manual 
pages  20-2-1  to  20-2-27,  incl.,  and  Form  of  Agreement  for  Joint  Use  of  Freight  Terminal 
Facilities  appearing  on  Manual  pages  20-2-,^6  to  20-2-42,  incl. 

Consideration  was  given  to  a  complete  rewriting  of  these  agreements  with  the 
view  of  providing  an  equitable  basis  for  the  withdrawal  of  one  or  more  parties.  The 
consensus  of  the  committee,  however,  indicates  that  these  agreements  are  in  good  form 
and  provide  excellent  guide  lines  for  anyone  having  need  of  these  particular  forms. 
The  committee  suggests  no  change  in  these  agreements  until  such  time  as  appropriate 
refinements  can  be  made  in  line  with  present  changing  railway  conditions.  Your 
committee  will  continue  its  study  of  this  assignment. 

Report  on  Assignment  2 

Form  of  Agreement  Covering  Purchase  and  Application 
of  Weed-Control  Chemicals  on  Railway  Property 

Collaborating  with  Committee   1 

E.   A.   Graham    (chairman,   subcommittee),   J.   F.   Halpin,   A.   F.   Hughes,  F.  M.  Jones, 
F.  J.  McMahon,  J.   C.  Miller,  VV.  B.  Tittsworth,  Jr. 

The  following  preliminary  form  is  presented  for  review  and  comment.  Members 
of  the  supply  and  application  industry  are  particularly  invited  to  give  their  views. 

Communications  regarding  this  assignment  should  be  addressed  to  the  subcommittee 
chairman  directly. 

FORM    OF    AGREEMENT    COVERING    PURCHASE    AND 

APPLICATION  OF  WEED-CONTROL  CHEMICALS 

ON  RAILWAY  PROPERTY 

THIS  AGREEMENT,  made  this   day  of   19   

by  and  between    ,  a  corporation 

organized  and  existing  under  the  laws  of  the  State  of  ,  here- 
inafter called  the  Railway  Company,  and  a 

corporation  organized  and  existing  under  the  laws  of  the  State  of  

hereinafter  called  the  Contractor. 

WITNESSETH:  That,  in  consideration  of  the  covenants  and  agreements  herein  con- 
tained, to  be  performed  by  the  parties  hereto,  and  of  the  i)aymcnts  hereinafter  provided, 
it   is  mutually  agreed  as  follows: 

1.  Supply 

The   Contractor   shall   furnish   the   necessary   chemicals,   application   equipment   and 

labor,  where  needed  to  be  u.sed  for  the  control  of  

at    locations 

to  be  mutually  agreed  upon  in  such  manner  as  shall  be  approved  by  the  Railway 
Company. 

2.  Shipment   of   Chemicals  and   Delivery   of   Equipment 

The  Contractor  shall  ship  the  necessary  chemicals  and  deliver  the  required  equip- 
ment in  order  to  start  application  between   ,  19   .... 


180  ContraclForms 


and    ,19    ,  and   agrees  to   prosecute   the   work 

diligently  so  that  application  of  chemicals  can  be  completed  at  the  earhest  possible  date, 
but  in  no  event  later  than    ,  19   

3.  Application 

The  Railway  Company  will  furnish  at  its  own  expense  work  train  service  if  neces- 
sary for  the  application  of  the  chemicals.  The  Contractor  will  furnish  at  his  own  expense 
the  services  of  a  competent  supervisor  to  direct  application  of  chemicals  furnished  by 
the  Contractor  to  the  Railway  Company's  right-of-way  as  instructed  by  and  at  locations 

specified  by    of  Railway  Company  or  his 

representative  and  in  such  manner  as  not  to  unreasonably  interfere  with  the  normal  use 
and  operation  of  the  tracks  on  property  of  the  Railway  Company. 

The  Railway  Company  agrees  to  cooperate  with  the  Contractor  in  every  way  to 
prosecute  the  work  diligently  and  continuously  by  furnishing  work  train  service  on  all 
suitable  work  days,  provided  always  that  Contractor  shall  not  be  required  to  apply 
chemicals  under  weather  conditions  deemed  unfavorable  by  the  Contractor  or  his 
representative  or  in  the  vicinity  of  crops  or  other  areas  susceptible  to  damage  from 
the  chemicals  being  used. 

In  addition  to  furnishing  all  work  train  service  necessary  for  applying  chemicals 
along  its  right-of-way,  the  Railway  Company  agrees  to  furnish  all  necessary  water  for 
dilution,  free  transportation  on  its  lines,  insofar  as  it  may  lawfully  do  so,  for  represen- 
tatives of  the  Contractor  while  engaged  in  work  pertaining  to  application  of  chemicals, 
and  free  transportation  on  its  lines  for  all  tools,  equipment,  supplies  and  materials 
required  for  carrying  out  the  work. 

After  completion  of  the  work,  all  equipment  and  tools  furnished  by  the  Contractor 
shall  be  promptly  returned  to  him,  free  of  charge  at  such  location  on  the  line  of  the 
Railway  Company  as  the  Contractor  may  direct. 

4.  Maintenance  of  Equipment 

All  equipment  furnished  and  owned  by  the  Contractor  shall  conform  to  the 
standards  for  freight  cars  prescribed  by  the  Association  of  American  Railroads,  and 
Contractor  agrees  to  bear  the  cost  of  its  maintenance  and  repair,  except  as  such  main- 
tenance and  repair  is  made  necessary  by  reason  of  the  fault  or  negligence  of  the  Railway 
Company  or  arising  out  of  accidents  in  the  operation  of  trains. 

5.  Prices 

In  consideration  of  the  completion  of  the  application  work  as  described  herein,  and 
the   fulfillment  of  all  stipulations  of  this  agreement  to  the  satisfaction  and  acceptance 

of  the   of  the  Railway  Company,  the  said  Railway 

Company  will  pay  or  cause  to  be  paid  to  the  Contractor  the  amount  due,  based  on  the 
following  prices: 

(Here  insert  a  schedule  of  Items  and  Prices) 

6.  Laws  and  Ordinances 

The  Contractor  shall  comply  with  all  federal,  state,  municipal  and  local  laws,  ordi- 
nances and  regulations  in  any  way  pertaining  to  the  application  of  the  weed  control 
chemicals. 

7.  Unemployment   and   Retirement   Legislation 

The  Contractor  shall  accept  full  and  exclusive  liability  for  the  payment  of  any  and 
all  contributions  or  taxes  for  unemployment  insurance  or  old  age  retirement  benefits. 
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pensions  and  annuities  now  or  hereafter  imposed  by  the  Government  of  the  United 
States  or  of  any  State  thereof,  which  are  measured  by  the  wages,  salaries  or  other 
renumerations  paid  to  persons  employed  by  the  Contractor  on  the  application  work,  and 
shall  comply  with  all  administrative  legislation  respecting  the  assumption  of  liability 
for  the  aforesaid  contributions,  and  shall  reimburse  the  Railway  Company  for  any  of 
the  aforesaid  taxes  or  contributions  which,  by  law,  the  Railway  Company  may  be 
required  to  pay. 

8.  Sales  and  Use  Taxes 

The  Contractor  shall  be  responsible  for  and  pay  all  sales  and  use  taxes  properly 
assessed,  under  any  federal,  state  or  local  law  in  effect  at  the  time  this  agreement  is 
executed  against  any  materials,  tools,  supplies,  services  and  equipment  furnished  directly 
by  the  Contractor  and  used  in  the  carrying  out  of  the  application  work.  An  equitable 
adjustment  of  the  cost  to  the  Contractor  will  be  made  by  the  Railway  Company  for  any 
changes  in  such  taxes  during  the  progress  of  the  application  work. 

9.  Patented  Devices 

In  case  the  Contractor  shall  make  use  of  or  employ  any  patented  devices  or  appli- 
ances either  for  carrying  on  the  application  work  or  in  connection  with  the  chemicals 
or  other  materials  supplied,  he  shall  satisfy  all  claims  or  charges  for  lease,  privilege  or 
royalty,  and  shall  at  his  expense  defend  the  Railway  Company  against  any  and  all 
claims  or  suits  which  may  arise  from  any  infringement  of  patent  rights,  and  indemnify 
and  save  harmless  the  Railway  Company  against  any  judgment  of  recovery  as  a 
result  thereof. 

10.  Indemnity 

The  Contractor  shall  indemnify,  protect  and  save  harmless  the  Railway  Company 
from  and  against  all  losses  and  all  claims,  demands,  payments,  suits,  actions,  recoveries, 
legal  expenses  and  judgments  of  every  nature  and  description  made,  brought  or  recovered 
against  it  by  reason  of  the  negligence  of  the  Contractor  or  the  negligence  of  Contrac- 
tor's employees  in  the  execution  of  the  work.  The  contractor  will  accept  responsibility 
for  the  damage  to  the  property  of  any  person,  firm,  corporation,  municipality,  or  gov- 
ernment agency  resulting  from  Contractor's  apphcation  of  chemicals  furnished  by  Con- 
tractor to  Railway  Company's  right-of-way,  provided  Contractor's  representatives  are 
permitted  to  discontinue  application  of  chemicals  under  weather  conditions  which  they 
deem  unfavorable  and  to  discontinue  application  of  any  type  of  chemical  in  territories 
having  susceptible  crops  in  the  vicinity  of  Railway  Company's  right-of-way.  In  the 
event  any  damage  to  the  property  of  any  person,  firm,  corporation,  municipality,  or 
government  agency  results  from  Contractor's  application  of  chemicals  furnished  by 
Contractor  to  Railway  Company's  right-of-way,  Railway  Company  will  upon  receipt 
of  notice  of  any  such  claim,  demand,  or  action,  immediately  transmit  to  Contractor 
the  name  and  address  of  the  claimant,  the  nature  of  the  claim,  and  such  other  data 
that  are  applicable  to  such  claim. 

11.  Delays 

This  agreement  is  made  subject  to  delays  and  inability  to  deliver  or  accept  delivery 
arising  out  of  priorities,  governmental  restrictions,  shortages  of  raw  materials  or  railroad 
cars  hereunder,  or  due  to  war,  strikes,  lockouts,  fire,  flood,  the  elements,  unstable  weather 
conditions  or  other  acts  beyond  the  control  of  the  parties  hereto. 
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12.  Payment 

All  payments  for  material  and  application  charges  incurred  under  the  provisions 
of  this  agreement  shall  be  due  and  payable  upon  receipt  of  invoices  therefor. 

13.  Annulment    Without   Fault   of    Contractor 

The  Railway  Company  shall  have  the  right  at  any  time  to  annul  this  agreement 
upon  giving  written  notice  to  the  Contractor,  in  which  event  the  Contractor  shall  be 
reimbursed  for  the  work  done  by  him  under  this  agreement  up  to  the  time  of  such 
annulment;  the  intent  being  that  an  equitable  settlement  shall  be  made  with  the 
Contractor. 

The  Contractor  shall  make  no  claim  for  damages  of  any  kind  or  for  fee  or 
anticipated   profits   upon   work   not   actually   performed. 

14.  Term 

This  agreement  shall  terminate    ,  19   .  . .  . ,  except  as  to 

any  liabilities  which  might  have  accrued  prior  thereto  under  the  terms  of  this  agreement. 

In  Witness  Whereof,  the  parties  hereto  have  executed  this  agreement  in   

,  effective  the  day  and  year  first  above  written. 

Witness :  Company 

By 

Witness:  Contractor 

By 


Report  on  Assignment  3 

Form  of  Agreement  for  Placing  Commercial  Advertising 
on  Railway  Bridges 

R.  C.  Heckel  (chairman,  subcommittee),  J.  J.  Baffa,  H.  F.  Brockett,  F.  M.  Jones,  W.  P. 
Jones,  W.  D.  Kirkpatrick,  F.  J.  McMahon,  J.  L.  Perrier,  D.  G.  West. 

Your  committee  presents  the  following  form  for  adoption  and  publication  in  the 
Manual.  This  is  a  revised  version  of  a  draft  presented  for  review  and  comment  in 
Bulletin  574,  November  1962,  page  188.  It  is  contemplated  that  this  form  will  be 
placed  in  Part  5  of  Chapter  20,  beginning  on  page  20-5-38. 

FORM    OF   AGREEMENT   FOR    PLACING    COMMERCIAL 
ADVERTISING   ON  RAILWAY  BRIDGES 

THIS  AGREEMENT,  made  this  day  of  ,  19   . . , 

by   and  between    ,  a  corporation   organized 

and  existing  under  the  laws  of  the  State  of   ,  hereinafter 

called  the  "Railway  Company",  and   ,  hereinafter 

called  the  "Advertising  Company": 

WITNESSETH: 

Whereas,  the  Advertising  Company  is  engaged  in  the  advertising  business  and 
desires  to  solicit  and  execute  in  its  own  name,  not  in  the  name  of  or  on  behalf  of  the 
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Railway  Company,  agreements  covering  the  placement  and  maintenance  of  advertising 

on   the  sides  of  the  Railway  Company's  bridge    ,  situated  at 

and   substantially   as   shown   on   the   plan   and 

in   the   specifications   hereto   attached,   designated   as    

dated    and  made  a  part  hereof,  and 

Whereas,  the  Railway  Company  is  agreeable  to  said  placement,  maintenance 
and  use: 

Now,  Therefore,  in  consideration  of  the  mutual  covenants  herein  stipulated  to  be 
kept  by  the  parties  hereto,  it  is  agreed  as  follows: 

1.  Permission 

The  Railway  Company  gives  permission  to  the  Advertising  Company  to  place, 
maintain  and  use  advertising  matter  on  the  sides  of  the  Railway  Company's  bridge  in 
accordance  with  said  plan  and  specifications  forming  a  part,  and  subject  to  the  require- 
ments of   the  Railway   Company. 

2.  Advertising  Matter 

The  permission  herein  given  is  upon  the  express  condition  that  any  advertising 
placed  thereon  during  the  term  of  this  agreement  shall  be  in  substance,  form,  nature, 

wording,  kind  and  character  satisfactory  to  and  approved  by  the   

of  the  Railway   Company  and  upon  any 

breach  of  this  condition  by  Advertising  Company  such  permission  shall  terminate 
at  once. 

3.  Permits  and  Taxes 

Prior  to  the  placement  of  the  advertising  the  Advertising  Company  shall,  at  its  sole 
cost  and  expense,  procure  all  necessary  approvals,  permits,  or  licenses  required  by  any 
governmental  bodies  or  public  authorities  and  shall  pay  all  license  fees  and  taxes,  or 
increase  of  taxes,  assessed  against  or  imposed  on  the  Railway  Company  by  reason  of 
the  placement  and  maintenance  of  said  advertising. 

4.  Cost  and  Maintenance 

The  .\dvertising  Company  shall,  at  its  sole  cost  and  expense  and,  in  a  manner  satis- 
factory to  the  Chief  Engineer  of  the  Railway  Company,  place  and  maintain  the  adver- 
tising during  the  continuance  of  this  Agreement. 

If  the  Railway  Company  should,  in  the  course  of  its  work  in  maintaining,  repair- 
ing, renewing,  altering,  relocating  or  removing  the  bridge,  find  it  necessary  to  damage, 
deface,  obliterate,  mutilate  or  totally  remove  any  advertising,  the  Railway  Company 
shall  not  be  liable  to  .'Xdvertising  Company  or  to  its  advertisers  for  any  such  damage 
or  removal. 

5.  Removal 

Upon  notice  of  termination  of  the  permission,  the  Advertising  Company  shall  at 
once,  at  its  own  cost  and  expense,  remove  the  advertising  and  restore  the  Railway 
Company's  bridge  to  its  former  condition  and  to  the  satisfaction  of  the  Chief  Engineer 

of  the   Railway   Company.  If  the  .\dvertising  Company  within    days 

shall  fail  to  do  so,  the  Railway  Company  may  remove  the  advertising  and  restore  the 
bridge  to  its  former  condition  at  the  sole  cost  and  expense  of  the  .Advertising  Company, 
which  cost  and  expense  the  Advertising  Company  agrees  to  pay  upon  demand. 
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6.  Rentals 

The  Advertising   Company  shall  pay  as  rental  therefor  $ per  annum, 

in  advance,  for  each  year  and  at  the  same  rate  for  any  part  of  a  year  unexpired  at  the 
termination  of  this  agreement. 

7.  Indemnification 

The  Advertising  Company  shall  not  in  any  way  or  at  any  time  interfere  with  the 
safe  passage  of  the  Railway  Company's  trains;  and  Advertising  Company  agrees  to 
indemnify,  protect  and  save  harmless  the  Railway  Company  from  and  against  all  loss 
of  and  damage  to  any  property  whatsoever  (including  property  of  the  parties  hereto 
and  of  all  other  persons  whomsoever),  and  all  loss  and  damage  on  account  of  injury 
to  or  death  of  any  person  whomsoever  (including  employees  and  patrons  of  the  parties 
hereto  and  all  other  persons  whomsoever),  and  all  claims  and  liability  for  such  loss 
and  damage  and  cost  and  expenses  thereof,  caused  by  or  growing  out  of  operations  of 
this  agreement  or  the  presence,  construction,  maintenance,  use,  existence  or  removal  of 
said  advertising,  whether  caused  by  the  fault,  failure  or  negligence  of  the  Railway 
Company  or  otherwise. 

8.  Term 

This  agreement  shall  continue  in  force  for    years,  and  thereafter  from 

year  to  year  until  terminated  by  either  party  giving  to  the  other   days' 

notice  in  writing  at  the  last  known  address,   of  its  intention  so   to  do  and  upon  the 
expiration  of  the  time  mentioned  in  such  notice  this  agreement  shall  terminate. 

9.  Assignment 

This  agreement  shall  not  be  assigned  or  in  any  manner  transferred  without  the 
written  consent  of  the  of  the  Railway  Company. 

Until  terminated  as  herein  provided,  this  agreement  shall  inure  to  the  benefit  of 
and  be  binding  upon  the  legal  representatives  and  successors  of  the  parties  respectively. 

In  Witness  Whereof,  the  parties  hereto  have  executed  this  agreement  in    

,  the  day  and  year  first  above  written. 


Attest    By 

Secretary 


Witness     By 
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Report  on  Assignment  4 

Form  of  Agreement  to  Cover  Disposal  of  Surplus 
Railway  Property 

C.  W.  Smith  (chairman,  subcommittee),  J.  J.  Baffa,  H.  F.  Brockett,  C.  R.  DuBosc, 
J.  S.  Lillie.  J.  L.  Pcrrier,  W.  B.  Small,  D.  S.  Taylor,  J.  D.  Taylor. 

A  so-called  short  form  was  adopted  by  the  Association  in  March  196.^.  Since  it  is 
intended  to  submit  a  more  comprehensive  form  at  a  later  date,  it  is  believed  that  an 
identifying  word  in  the  title  of  the  short  form  is  needed.  Also,  it  is  believed  that  the 
term  "Property"  in  the  title  is  not  properly  descriptive. 

Accordingly,  your  committee  submits  the  following  recommendation   for  adoption: 

Page  20-5-37 

FORM    OF   AGREEMENT   TO   COVER   DISPOSAL   OF   SURPLUS 
RAILWAY  PROPERTY 

Change  title  to  read  as  follows:  Form  of  .\greement  to  Cover  Disposal  of  Minor 
Surplus  Railway  Facilities. 

Work  on  the  more  comprehensive  form  is  going  forward,  and  it  is  expected  that 
a  draft  will  be  presented  next  year. 

Report  on  Assignment  5 

Form  of  Lease  for  Railway  Property  Used  for  Unloading 

and  Storing  Liquefied  Petroleum  Gases,  Anhydrous 

Ammonia  and  Other  Flammable  and 

Dangerous  Materials 

F.  B.  Mallas  (chairman,  subcommittee),  J.  J.  Baffa,  R.  F.  Correll,  C.  R.  DuBose,  F.  M. 
Jones,  L.  W.  Lindberg,  J.  C.  Miller,  J.  L.  Perrier,  VV.  B.  Small,  D.  S.  Taylor, 
\V.  B.  Tittsworth,  Jr.,  D.  G.  West 

Last  year  in  Bulletin  574,  November  1962,  page  191,  your  committee  presented  a 
draft  of  a  form  for  review  and  comment.  Some  criticisms  and  suggestions  having  been 
received  late  in   the  year,  it  was  decided  to  hold  over  this   form   for  further   revision. 

Report   on  Assignment  6 

Form  of  Agreement  Covering  Reimbursement  for 
Preliminary  Engineering  Expenses 

J.  D.  Tavlor  (chairman,  subcommittee),  H.  F.  Brockett,  R.  C.  Meckel,  W.  P.  Jones, 
F.  B'.  Mallas,  F.  J.  McMahon,  J.  L.  Perrier,  W.  R.  Swatosh,  J.  W.  Wallenius, 
H.  L.  Zouck. 

Your  committee  presents  the  following  draft  of  a  form  for  your  consideration  and 
comment. 
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FORM   OF  AGREEMENT  COVERING  REIMBURSEMENT 
FOR   PRELIMINARY  ENGINEERING   EXPENSES 

THIS  AGREEMENT,  made  and  entered  into  by  and  between  the   

,  hereinafter  called  the  "Company,"  and 


WITNESSETH : 

Whereas,   is  desirous  of  having  the  Company  perform 

certain  preliminary  engineering  to  the  extent  hereinafter  described  at  the  locations  here- 
inafter set  forth,  and  the  Company  being  willing  to  do  so  in  conformance  with  the 
terms  and   conditions  hereinafter  stated. 

Now,  Therefore,  in  consideration  of  the  foregoing  and  the  provisions  hereinafter 
stated,  it  is  mutually  agreed  as  follows: 

1.  The  Company,  subsequent  to  the  execution  of  this  agreement,  shall  proceed  and 
perform  such  preliminary  engineering.  The  scope  and  estimated  cost  of  such  preliminary 
engineering  is  set  forth  in  Exhibit  "A"  attached  hereto  and  made  a  part  hereof. 

2.  Upon  completion  of  the  preliminary  engineering  by  the  Company  in  conformance 

with  this  agreement,  the  actual  costs  thereof  shall  be  paid  to  the  Company  by   

within    days  after  bill  is  rendered 

therefor. 

In   Witness   Whereof,   the   parties  hereto   have   caused   this  agreement   to   be  duly 

executed  as  of  this day  of   ,  19 

Witness 


Company 
Witness 


Report  of  Committee  30 — Impact  and  Bridge  Stresses 


J.  W.  Davidson, 

Chairman 
N.  E.  Ekrem, 

Vice  Chairman 


E.     S.     BlRKENWALU 

J.  A.  Erskine 

P.   L.   Montgomery 

C.  V.  Lund 

E.  R.  Andrlik 
E.  D.  Ripple 

D.  S.  Bechly 

E.  R.  Bretscher 
K.  L.  DeBlois 

W.   E.   DOWLING 

C.  E.  Ekberg,  Jr. 

D.  J.  Engle 
R.  J.  Fisher 
A.  T.   Granger 
A.  R.  Harris 

J.  F.  Hoss,  Jr. 
R.  E.  Kuban 
K.  H.  Lenzen 
J.  F.  Marsh 
James  Michalos 


W.  H.  Munse 

D.  VV.  MussER 
C.  H.  Newlin 
N.  M.  Newmark 

M.    NOYSZEWSKI 

A.  L.  Piepmeier 
M.  J.  Plumb 

E.  VV.  Prentiss 
C.  A.  Roberts 
M.  B.  Scott 

C.  B.  Smith 
J.  E.  South 
L.  F.  Spaine 

F.  W.  Thompson 

G.  S.  Vincent 
J.  R.  Williams 
E.  N.  Wilson 

J.  D.  Woodward 
L.  T.  Wyly 

Committee 


Those    whose    names    are    set    in    bold-face    type    constitute    the    Engineering    Division.    .\.\R.    Com- 
mittee 30. 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

2.  Steel  truss  spans. 

At  the  request  and  expense  of  the  Monongahela  Connecting  Railroad, 
Research  Center  staff  personnel  conducted  a  field  investigation  to  deter- 
mine the  stresses  in  various  members  of  truss  spans  under  the  loading  of 
165-ton  hot-metal  cars.  These  trusses  had  been  strengthened  to  accommo- 
date this  loading  as  a  result  of  a  previous  investigation  by  the  AAR,  and 
the  field  study  was  made  to  verify  the  effectiveness  of  the  strengthening. 

,^.  Viaduct  columns. 

Investigation  of  these  members  has  generally  been  handled  in  conjunction 
with  tests  on  other  subjects.  Due  to  lack  of  suitable  tests,  no  j^rogrcss  has 
been  made  on  this  assignment  in   196,?. 

4.  Longitudinal    forces    in    bridge    structures,    collaborating    with    Committees 
7,  8  and  15. 

During  the  past  year  the  AAR  research  staff  conducted  tests  on  a  pre- 
stressed  concrete  trestle  on  the  Seaboard  Air  Line  Railroad  which  included 
measurements  for  the  determination  of  longitudinal  forces.  A  report  on 
these  tests  is  now  being  prepared.  Plans  are  being  made  to  make  tests 
next  year  on  a  600-ft  prestressed  concrete  trestle  to  be  constructed  l)y  the 
Santa  Fe  Railway. 
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5.  Distribution  of  live  load  in  bridge  floors,  collaborating  with  Committee  15. 
The  work  on  this  assignment  during  the  past  year  has  dealt  mainly  with 
an  evaluation  and  study  of  the  previously  developed  design  procedures 
for  the  floor  systems  of  steel  railway  bridges. 

6.  Concrete  structures,  collaborating  with   Committee  8. 

Progress   report,  presented   as  information    page  188 

7.  Timber  structures,  collaborating  with  Committee  7. 

A  program  of  testing  stresses  in  various  types  of  wood  trestles,  and  in 
glued  laminated  wood  girders,  has  been  laid  out,  but  progress  has  been 
hampered  by  lack  of  research  funds. 

8.  Vibrational  characteristics  of  bridges  affecting  deflections  and  depth  ratios. 
A  method  of  investigating  this  problem  by  using  an  electronic  computer 
has  been  developed  by  New  York  University.  However,  this  investigation 
has   been   dormant   during  the   past   year   due   to   lack   of   research   funds. 

9.  Use  of  electronic  computers  for  railroad  bridge  problems. 
Information   is  now  being  assembled  to  permit   the   preparation   of  addi- 
tional  moment  and  shear  tables   for  heavy-duty   cars  not  covered  in  the 
previous  tables  prepared  by  this  committee  and  distributed  by  the  .^AR. 

10.  Steel  continuous  structures,  collaborating  with  Committee   IS. 

Progress  report,  presented  as  information    page  189 

11.  Composite  design   of  steel  structures   having  concrete   decks,   collaborating 
with   Committees  8  and   IS. 

Due  to  lack  of  research  funds,  progress  in  this  assignment  has  been  limited 
to  a  review  of  work  in  this  field  being  carried  out  by  others. 

The  Committee  on  Impact  and  Bridge  Stresses, 

J.  W.  Davidson,  Chairman. 


AREA   Bulletin    581,   November   1963. 


Report  on  Assignment  6 

Concrete  Structures 

Collaborating  with  Committee  8 

P.  L.  Montgomery  (chairman,  subcommittee),  J.  W.  Davidson,  C.  E.  Ekberg,  Jr., 
N.  E.  Ekrem,  J.  A.  Erskine,  J.  F.  Hoss,  Jr.,  R.  E.  Kuban,  K.  H.  Lenzen,  C.  V. 
Lund,  J.  Michalos,  N.  M.  Newmark,  M.  Noyszewski,  A.  L.  Piepmeier,  E.  D.  Ripple, 
F.  W.  Thompson,  J.  R.  Williams,  J.  D.  Woodward. 

Work  under  this  assignment  over  the  past  year  has  been  to  evaluate  the  effects  of 
two  variables  in  prestressed  concrete — level  of  prestress  and  size  of  strand — as  deter- 
mined from  a  laboratory  investigation  of  23  full-size  beams  tested  at  the  AAR  Research 
Center.  The  investigation  was  a  continuation  of  a  program  undertaken  at  Lehigh  Uni- 
versity a  few  years  ago  and  reported  in  AREA  Proceedings,  Vol.  60,  Page  1.  Information 
on  the  tests  studied  this  year  was  published  in  June  1963  as  Report  No.  ER-36. 
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It  was  decided  to  study  four  different  types  of  beams  having  characteristics  com- 
parable to  the  bridge  slabs  installed  in  1954  on  the  Chicago  Burlington  &  Quincy  Rail- 
road at  Hunnewell,  Mo.  While  all  beams  were  18  in  deep,  IS  in  wide  and  19  ft  long, 
the  number  and  size  of  strands  and  the  theoretical  amount  of  initial  prestress  were 
varied.  In  three  of  the  groups  a  prestressing  force  of  0.7  f\  (ultimate  strength  of 
uncoated  7-wire  stress-relieved  strands)  was  applied  to  beams  having  strands  of  ^-in, 
i"g-in  and  Yi-in  diameter.  The  fourth  group,  having  ^-in  diameter  strands,  was  subjected 
to  an  initial  prestress  of  only  O.S  /'.,. 

A  computed  design  load  producing  zero  stress  at  the  bottom  fiber  was  used  for 
the  static  tests.  In  these  tests  one  specimen  from  each  beam  type  was  loaded  to  failure. 
It  was  found  that  the  cracking  loads  and  deflections  arc  affected  by  the  level  of  prestress 
but  not  by  size  of  strand.  The  ultimate  load  ranged  from  2.5  to  3.0  times  design,  with 
no  apparent  influence  from  either  of  the  variables  being  considered. 

The  beams  remaining  after  the  static  tests  (four  of  the  type  having  Y^-in  strands 
and  five  each  of  the  types  having  h-  and  J^-in  strands)  were  subjected  to  repeated 
loads  until  they  either  failed  or  carried  2,(X)0,000  cycles.  Loading  for  this  series  of  tests 
consisted  of  4  kips  minimum  to  insure  good  machine  operation  and  a  maximum  based 
on  judgement.  In  no  case  did  the  maximum  fall  below  the  cracking  load. 

The  level  of  prestress  does  influence  fatigue  strength.  On  the  other  hand,  the  tests 
were  inconclusive  as  to  the  effect  of  the  size  of  strands  and,  because  of  the  importance 
of  this  variable,  funds  have  been  requested  for  testing  of  the  strands  in  the  near  future. 
Ultimate  strengths  ranged  from  1.3  to  1.8  times  the  design  load.  It  was  also  found  that 
strains  and  deflections  changed  only  slightly  for  beams  that  did  not  fail  and,  as  expected, 
fatigue  life  decreased  as  the  cycling  load  increased. 

As  previously  stated,  the  AAR  tests  were  an  extension  of  the  Lehigh  work.  Results 
obtained  from  the  first  work  and  substantiated  by  the  second  were:  (1)  An  idealized 
strain-moment  diagram  can  be  used  for  predicting  fatigue  strength;  (2)  Failure  of  the 
static  tests  was  by  crushing  of  the  concrete  accompanied  by  large  strains  of  the  steel 
strands,  while  breakage  of  the  strands  caused  failure  in  the  repeated  load  tests;  and 
(3)    There   was   no   strand   slip. 

A  report  on  the  field  investigation  by  the  AAR  research  staff  of  stresses  in  two 
concrete  bridges  on  the  Seaboard  Air  Line  Railroad  is  in  preparation.  One  of  the  bridges 
is  conventional  reinforced  concrete,  the  other  is  prestressesd  concrete. 
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Steel  Continuous  Structures 

Collaborating  with  Committee   15 

E.  D.  Ripple  (chairman,  subcommittee),  E.  R.  Andrlik,  E.  S.  Birkenwald,  J.  VV.  David- 
son, D.  J.  Engle,  R.  J.  Fisher,  A.  T.  Granger,  J.  F.  Marsh,  W.  H.  Munse,  D.  \V. 
Musser,  M.  Noyszewski,  C.  B.  Smith,  J.  D.  Woodward. 

At  the  request  and  expense  of  Iowa  State  University,  the  AAR  Research  Center 
staff  conducted  an  investigation  to  determine  the  flexural  fatigue  strength  of  two  pre- 
stressed  steel  beams  having  composite  concrete  top  flanges.  These  two  beams  simulated 
the  positive  moment  region  of  a  continuous  beam  span.  This  study  was  a  continuation 
of  the  investigation  made  last  year  on  similar  beams. 
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The  beams  were  prestressed  by  deflecting  them  under  the  action  of  a  concentrated 
load  at  the  center  of  a  simple  span  and  then  welding  on  an  unstressed  cover  plate  to 
the  bottom  flange  to  retain  a  predetermined  amount  of  prestress.  An  18WF50  beam 
of  A  36  steel  with  a  6-in  by  %-in  cover  plate  of  Tl  steel  was  used.  Both  beams  were 
subjected  to  repeated  loading  which  produced  a  stress  range  in  the  extreme  fiber  of 
the  lower  flange  of  about  15,000  psi.  One  failed  after  8,^6.500  cycles  of  this  stress  and 
the  other  after  1,500,400  cycles.  In  both  beams  the  failure  appeared  to  have  originated 
in  or  near  a  lower  flange  weld. 
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(E)  Member  Emeritus. 

Those    whose    names    are    set    in    bold-face    type    constitute    the    Kngincering    Division,    A.\R,    Com- 
mittee 25. 

To  The  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Recommendation  that  Parts  2,  3  and  4  of  Chapter  25   be  deleted  in  their 
entitrety    page  192 

2.  Current   policies,  practices  and  developments  dealing  with  navigation  proj- 
ects, collaborating  with  AAR   Committee  on  Waterway  Projects 

No  report. 

3.  Bibliography    relating    to    benefits   and    costs   of   inland    waterway    projects 
involving  navigation. 

Progress  report,  presenting  14  additional  references  with  annotations   page  192 

4.  The   use   of   hydraulic   models   for   the   study   and   resolution   of    waterway 
problems. 

No  report. 

6.  Planning,   construction   and   maintenance   of   rail-watcr   transfer   facilities. 

Report  on  the  Port  of  Milwaukee,  submitted  as  information   page  196 

7.  Relative  merits  and  economics  of  construction  materials  used  in  waterfront 
facilities. 

Progress  report,  submitted  as  information,  with  the  aim  of  formulating  rec- 
ommended  practices  and   specifications   in   the   forthcoming  years    page  199 

The  Committee  on  Waterways  and  Harbors. 

F.  J.  Olsen,  Chairman. 

ARK.A    Bulletin    .^81,   November    1963. 
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Report  on  Assignment   1 

Revision  of  Manual 

J.  G.  Miller  (chairman,  subcommittee),  J.  M.  Bates,  A.  O.  Krusc,  A.  L.  Sams,  G.  A. 
Stenstrom,  R.  C.  Tench. 

Your  committee  submits  for  adopti(m  the  following  recommendations  with  respect 
to  Chapter  25  of  the  Manual. 

Pages  25-2-1   and  25-2-2 

LANDS  SUBJECT  TO  SERVITUDE  OF  NAVIGATION  AS  AFFECT- 
ING PROTECTION   OF   ROADBEDS   BUILT  OR  TO   BE 
BUILT    ON    PROPOSED    DAM    POOL  AREAS 

Delete. 

Page  25-3-1 

BRIDGES  OVER  NAVIGABLE  WATERWAYS 

Delete. 

Page  25-4-1 

CLEARANCES 

Delete. 

Report  on  Assignment  3 

Bibliography  Relating  to  Benefits  and  Costs  of  Inland 
Waterway  Projects  Involving  Navigation 

M.  A.  Michel  (chairman,  subcommittee),  G.  W.  Becker,  G.  W.  Benson,  B.  M.  Dorn- 
blatt,  C.  E.  Helmle,  H.  F.  Kimball,  M.  S.  Patterson,  C.  L.  Robison,  G.  A.  Stenstrom, 
R.  C.  Tench. 

Your  committee  submits  the  following  report  of  progress,  which  presents  14 
additional  references  with  annotations. 

1959-1962 

1.  Resources  for  The  Future,  Inc.,  1775  Massachusetts  Ave.,  N.  W.,  Washington  6, 
D.  C,  has  published  a  series  of  "Reprints",  some  of  which  present  information  in  regard 
to  Water  Resources  that  has  an  ultimate  influence  on  benefits  and  costs  of  navigation 
projects.  These  are  as  follows: 

Reprint  No.  13,  "The  Crisis  in  Outdoor  Recreation"  by  Marion  Clawson  (March 
and  April,  1959),  indicates  what  the  present  and  future  recreation  requirements  are, 
pointing  out  the  possibility  of  a  $50  billion  expenditure  by  the  year  2000. 

Reprint  No.  27,  "Your  Investments  in  Land  and  Water"  by  Marion  Clawson  and 
Irving  K.  Fox  (March,  1961),  is  an  extremely  well  prepared  treatise  which  points  out 
that  originally  navigation  improvements  were  justified  on  the  grounds  that  benefits 
were  nationally  diffused  but  that  today  it  would  be  possible  "to  determine  with  reason- 
able accuracy  who  benefited  and  to  what  extent."  The  paper  also  questions  the  adequacy 
of  the  present  federal  decision   making  procedures. 
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Reprint  No.  29,  "Welfare  Aspects  of  Benefit-Cost  Analysis"  by  John  V.  Krutilla 
(June,  1961),  points  out  in  the  introduction,  in  connection  with  benefit-cost  analysis, 
that  "public  officials  ought  to  apply  decision  rules  which  tend  to  improve  the  alloca- 
tion, that  is,  to  improve  the  general  welfare  rather  than  their  personal  or  specially 
interested  clientele's  welfare."  The  paper  concludes  with  "the  utility  and  welfare  effects 
of  benefit-cost  analysis  are  likely  to  be  viewed  differently,  depending  on  the  end  of  the 
telescope  through  which  the  affected  party  is  privileged  to  look." 

Reprint  No.  37,  "Trends  in  River  Basin  Development"  by  Irving  K.  Fox  (Novem- 
ber, 1962),  concludes  by  raising  a  number  of  major  questions.  Some  are  quoted  as 
follows: 

"With  the  direct  beneficiaries  of  water  development  bearing  only  a  fraction  of 
the  cost  even  when  the  indirect  impact  of  federal  taxes  is  considered,  will  they 
be  as  responsible  as  they  should  be  in  seeking  federal  funds  for  river  develop- 
ment? 

"Will  river  development  be  governed  to  an  increasing  extent  by  the  pressures 
of  special   interest   groups   rather   than   some  criterion   of   the   national  interest?" 

2.  December  1961-Febriiary  1962,  "The  Meramec  Basin  Water  and  Economic  De- 
velopment", Report  of  the  Meramec  Basin  Research  Project,  Washington  University, 
St.  Louis,  Mo. 

This  three-volume  report,  considering  si.x  alternate  w^ater  development  proposals  in 
a  100-mile  length  of  the  Meramec  Basin,  is  unique  in  that  it  states,  "there  appears  to 
be  no  need  for  canalization  of  the  lower  Meramec  River"  .  .  .  "because  growth  rates 
for  water-oriented  industries  in  the  St.  Louis  area  are  relatively  slow."  Also,  releases 
in  the  interest  of  navigation  would  result  in  fluctuation  of  the  reservoir  levels  and  have 
an  adverse  effect  on  recreation,  which  appears  to  have  been  the  principal  purpose  of 
the  study. 

1962 

3.  March  29-30,  1962 — "Fourth  Transportation  Conference",  Texas  Transportation 
Institute,  A&M  College  of  Texas,  College  Station,  Tex.,  contains  a  forum  discussion  of 
the  Trinity  Canal  which  is  concluded  with  the  following  question  propounded  to  Maj. 
Gen.  J.  P.  Doyle: 

"On  what  basis,  if  any,  can  the  expenditure  of  government  funds  on  inland  water- 
way navigation  projects  such  as  the  Trinity   River  be  justified?" 

The  answer  included  the  facts  that:  "Navigation  Benefits"  or  losses  to  existing 
installation  (including  land  transport)  should  be  given  economic  consideration;  user 
charges  for  lockages,  etc.,  should  be  appUed;  project  should  be  compared  with  an  alter- 
native capital  investment.  It  appeared  that  the  Trinity  River  project  is  not  justifiable. 

4.  June  1962 — "Get  Your  Money's  Worth  From  Government"  (Nation's  Business, 
pages  80-82)  includes  a  section  on  benefit-co.st  analysis  which  concludes  with: 

"When  benefits  can  be  allocated  to  individuals,  government  could  consider  cover- 
ing at  least  part  of  the  cost  by  pricing  rather  than  taxing." 

Pricing  is  later  defined  as  requiring  "those  who  receive  the  direct  benefit  to  bear 
part  or  all  of  the  cost,  thus  reducing  or  eliminating  the  need  to  finance  them  through 
general  taxation." 
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5.  August  1962 — "Economic  Feasibilily  of  Federal  Power  Projects"  by  William 
Whipple,  Jr.— Land  Economics,  Vol.  XXXIX,  No.  2,  August  1962,  Soc.  Sc.  Bldg., 
University  of  Wisconsin,  Madison  6,  Wis.  A  12 -page  treatise  by  a  retired  army  engineer 
dealing  with  criteria  used  in  determining  financial  feasibility  of  federal  power  projects, 
including  some  detailed  benefit-to-cost  material,  which  is  also  applicable  to  navigation 
projects. 

6.  Augtisl  9,  1962— Congressional  Record,  Vol.  108,  No.  139,  pages  14991-15002. 
Senator  Proxmire  submits  "a  resolution  calling  for  honest  standards  for  calculating  costs 
and  benefits  of  Federal  projects."  The  resolution  is  printed  on  page  14993.  (S.  Res.  374). 

Note:  June  19,  1963  Congressional  Record,  Vol.  109,  No.  92,  p.  10461  (S.  Res.  165) 
same  as  (S.  Res.  374)  above,  was  submitted  formally  and  referred  to  Committee  on 
Interior  and  Insular  Affairs.  In  this  issue  of  the  Record  (pages  10468-10469)  Senator 
Pro.xmire  cautions:  "everything  depends  not  only  on  whether  the  benefit  and  cost  are 
determined  honestly  and  accurately,  it  depends  on  whether  the  benefit  period  and 
discount  rate  are  accurate  too."  A  4  percent  rather  than  2^/^  percent  interest  rate  is 
suggested. 

7.  September  29,  1962 — Congressional  Record,  pages  20156-20237.  During  consid- 
eration of  "Public  Works  Appropriations,  1963"  (H.R.  12900),  Senator  Proxmire 
criticizes  present   practice   for  determination  of  financial  project  feasibility,  e.g.: 

Page  20168 — "The  standards  of  economic  justification  and  financial  feasibility 
which  govern  the  planning  of  water  resource  development  projects  in  Administrative 
Agencies  result  in  wasteful  expenditures  of  unbelievable  sums  of  money." 

Page  20169 — ".  .  .  it  is  imperative  that  the  Congress  as  a  whole  re-examine  old 
practices,  and  establish  an  adequate  set  of  economic  and  financial  standards  in  the  water 
resource  development  area. 

"The  Congress  should  re-examine  the  authorization  process  currently  being  used  in 
the  case  of  many  projects  involving  in  total  billions  of  dollars,  since  the  lack  of  Con- 
gressional authorization  is  just  one  aspect  of  the  overall  lack  of  intelligent  planning 
which  is  so  prevalent  in  this  area  today." 

Page  20172 — "The  benefit-cost  ratio  has  been  so  badly  used  and  has  been  used  so 
deceptively  that  it  is  impossible  to  rely  upon  it."  The  Senator's  9^  hr  presentation 
from  the  Senate  floor  is  studded  with  recognized  economic  documentation. 

8.  September  1962 — "The  Waterways  Shall  be  Forever  Free",  Distribution  Age, 
pages  42-43;  64,  84,  by  Maj.  Gen.  J.  P.  Doyle,  U.S.A.F.  Ret.,  points  out  false  inter- 
pretation of  "Forever  Free"  by  special  interest  groups. 

9.  December  27,  28,  29,  1962 — American  Transportation  Research  Forum — Third 
Annual  Meeting  (distributed  by  the  Richard  B.  Cross  Company,  Oxford,  Ind.),  contains 
several  papers  germane  to  our  subject: 

(a)  "A  System  of  User  Charges  for  the  Inland  Waterways"  by  Hampton  K.  Snell, 
University  of  Texas,  briefly  covers  arguments  for  and  against  "user  charges". 

(b)  "An  Evaluation  of  Multiple  Car  Volume  Rates  for  Railroads"  by  J.  William 
Vigrass  indicates  that:  "Widespread  public  investment  in  inland  waterway 
projects  would  be  unnecessary  were  railroad  freight  service  available  at  costs 
approximately  that  of  inland  waterways." 

1963 

10.  January  24,  1963 — Statement  of  B.  V.  Reynolds,  Director  of  Traffic  Research 
Committee,  Te.xas  Railroad  .Association,  before  the  Board  of  Engineers  for  Rivers  and 
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Harbors  in  opposition  to  all  navigation  features  of  the  Trinity  River  Development  Plan. 
(P.  O.  Box  717,  Austin,  Tex.)  Mr.  Reynolds  sets  forth  a  number  of  reasons  why  canal- 
ization of  the  Trinity  River  to  Fort  Worth  is  not  presently  justified: 

(a)  Use  of  realistic  interest  rates  and  normal  project  life  expectancy  would 
reduce  benefit-cost  ratio  to  0.73. 

(b)  No  portion  of  reservoir  costs  assigned  to  navigation — fallacious. 

(c)  Overstated  estimated  current  and  projected  tonnages  and  savings. 

(d)  Area  adequately  served  by  existing  transportation  agencies  which  have  suffi- 
cient capacity  to  handle  all  traffic  now  and  in  the  foreseeable  future. 

(e)  Army  Engineers  did  not  allocate  responsibility  for  payment  of  $124,950,600 
of  non-federal  cost. 

(f)  Texas  Railroad  Association  feels  hearing  was  not  properly  conducted  under 
"The  Principles  of  the  Administrative  Procedure  Act"  which  would  require 
inclusion  of  responsibilities  of  local  interests. 

11.  June  1963 — Statement  of  Charles  D.  Ctirran,  Director  of  Waterway  Analysis, 
Association  of  American  Railroads,  before  the  Public  Works  Subcommittee,  Committee 
on  Appropriations  (AAR  No.  138853),  opposes  appropriations  for  various  waterways 
and  contains  several  references  relating  to  benefit  to  cost  ratio: 

(a)  Cost  of  money  estimated  at  rates  of  lYz  percent  to  2%  percent  when  the 
government  must  pay  3^  percent  to  4  percent  is,  at  least,  self -deceptive. 

(b)  An  amortization  period  based  on  100-year-life,  when  the  project  may  become 
obsolete  or  be  replaced  in  lesser  periods,  is  an  economically  unsound  factor. 

(c)  Points  (a)  and  (b)  would  magnify  the  benefit-cost  ratio.  Such  deception 
can  only  lead  to  trouble  or  perhaps  financial  disaster. 

(d)  The  statement  points  out  that  although  the  chief  of  engineers  found  the 
capital  cost  for  the  Tennessee  Tombigbee  Project  to  be  $281  million  with 
annual  benefits  of  $13,903  million  and  annual  costs  of  $12,957  million,  result- 
ing in  a  benefit-to -cost  ratio  of  1.08  to  1.00  (loosely  construed  to  mean  an 
8  percent  return  on  investment) ,  in  this  instance  the  net  profit  to  users  would 
be  $1,046  million  which,  when  compared  to  the  federal  capital  investment 
of  $281  million,  would  yield  a  rate  of  return  of  only  0.37  percent,  despite 
the  use  of  fallacious  criteria. 

12.  "Report  of  Proceedings  of  XXth  Congress" — Permanent  International  Associa- 
tion of  Navigation  Congresses  1961,  by  the  Secretary  General  1963 — Library  of  Congress, 
Cat.  Card  No.  57-35522.  Printed  and  bound  by  The  Horn-Shafer  Company,  Baltimore, 
Maryland.  Among  other  matters  this  55 7-page  volume  contains  discussion,  adopted  con- 
clusions and  official  text  of  conclusions  relating  to: 

"Criteria  for  the  economic  justification  of  new  inland  navigable  waterways  or  the 
improvement  of  existing  ones.  Criteria  affecting  the  choice  of  a  new  means  of  com- 
munication: water,  rail,  road,  or  pipelines.  Effects  on  the  creation  of  new  activities 
taking  into  consideration  the  various  interests  which  may  be  concerned,  with  special 
regard  to  the  case  where  the  new  waterway  would  be  required  to  serve  regions  in  which 
the  means  of  transport  are  not  fully  developed." 

13.  "Water  Supply — Economics,  Technology  and  Policy",  Second  Impression  1963. 
Composed  and  printed  by  The  University  of  Chicago  Press,  Chicago,  III.,  378  pages. 
Authors:  Jcu:k  Hirshleifer,  James  C.  DeHaven,  Jerome  W.  Milliman.  Library  of  Con- 
gress Cat.  Card  No.  60-14355. 
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Conclusions  indicate  water  supplj'  of  nation  is  typically  underpriced  and  overbuilt, 
and  much  too  low  an  interest  rate  is  commonly  used  in  project  evaluation. 

As  benefits  from  various  water  uses  are  claimed  in  connection  with  determining 
the  benefit-cost  ratio  of  navigation  projects,  this  volume  contains  much  data  of  interest 
to  this  assignment. 

14.  April  30,  1963 — "St.  Lawrence  Seaway  Development  Corporation  Annual  Report 
1962" — Superintendent  of  Documents,  U.  S.  Government  Printing  Office,  Washington, 
D.  C. 

This  report  covers  the  U.  S.  part  of  the  Seaway.  The  financial  statement  indicates 
a  net  loss  for  the  year  1962  of  $3,521,032  and  a  total  deficit  (1959-1962)  of  $11,491,852. 
This  is  one  Federal  waterway  project  for  which  an  annual  accounting  is  required  by 
law,  and  probably  the  only  one  for  which  any  attempt  is  being  made  toward  recovering 
costs  such  as  amortization,  interest,  maintenance  and  operation.  RESULT — DEFICIT ! 
Note:  AAR  Multilith  139033  (8  sheets),  dated  June  24,  1963,  by  Director,  Waterway 
Analysis,  Charles  D.  Curran,  covers  statistical  data  on  St.  Lawrence  Seaway  in  good 
detail. 

Report  on  Assignment  6 

Planning,  Construction  and  Maintenance  of  Rail-Water 
Transfer  Facilities 

J.  C.  Fenno  (chairman,  subcommittee),  R.  J.  Clarke,  G.  W.  Benson,  R.  L.  Bostian 
P.  P.  Dunavant,  Jr.,  W.  H.  Eschwig,  J.  H.  Fitzpatrick,  C.  E.  Helmle,  E.  S.  Laws, 
J.  G.  Miller,  C.  T.  Yarbrough. 

Your  committee  submits  the  following  progress  report  as  information. 
THE  PORT  OF  MILWAUKEE 

Most  Great  Lake  cities  were  founded  and  their  respective  ports  established  at  the 
confluence  of  a  river  or  stream  with  the  lake,  the  inlet  affording  harborage  for  the 
primitive  saiHng  craft  of  the  time,  with  limited  penetration  into  the  interior.  Later,  the 
streams  were  widened,  deepened  and  straightened  to  provide  inner  harbors,  where  ves- 
sels could  dock  adjacent  to  industrial  plants  in  the  heart  of  the  city.  Milwaukee  con- 
formed to  this  pattern,  but  instead  of  an  inner  harbor  along  a  single  stream,  it  has 
three  separate  rivers,  the  city  being  located  where  the  Milwaukee,  Menomonee  and 
Kinnickinnic  Rivers  flow  into  Lake  Michigan.  Each  one  of  the  rivers  has  been 
developed  in  the  course  of  time  and  expanded  as  the  port  and  harbor  expanded. 

The  City  of  Milwaukee  is  located  on  the  west  side  of  Lake  Michigan,  approximately 
260  miles  south  of  the  Straits  of  Mackinac,  85  miles  north  of  Chicago,  and  83  miles 
across  the  lake  from  Grand  Haven,  Mich.  The  Port  of  Milwaukee  lies  entirely  within 
the  city  limits,  and  consists  of  an  outer  basin  protected  by  breakwaters,  an  outer  com- 
mercial harbor,  and  an  inner  commercial  harbor  located  on  the  three  rivers,  with  a  sys- 
tem of  artificial  slips  and  canals  which  penetrate  the  industrial  heart  of  the  city  in  the 
valley  of  the  Menomonee  River. 

The  City  of  Milwaukee  at  an  early  date  in  its  growth  devised  a  comprehensive  plan 
to  acquire  and  develop  strategic  lakefront  areas,  and  to  construct  an  outer  harbor  with 
modern  facilities.  Included  in  this  plan  was  public  control,  and  Milwaukee  is  pre- 
eminent in  that  about  95  percent  of  the  lakefront  is  under  municipal  ownership,  including 
some  2  miles  of  lake  frontage  and  400  acres  of  lakeshore  land  reserved  for  municipal 
harbor  development. 
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The  port  itself  is  a  mixed  port,  with  both  public  and  private  dock  facilities.  There 
are  more  than  80  dock  terminals,  30  of  which  are  coal  docks,  and  there  are  numerous 
facilities  for  package  trade.  Private  investment  is  estimated  at  $30  million,  and  mu- 
nicipal development  to  date  exceeds  $25  million.  Federal  improvements  in  breakwaters 
amount  to  $7  million,  bringing  the  total  investment  over  $60  million.  The  port  is  pro- 
tected by  all  modern  navigation  aids,  including  light  beacons,  a  radiobeacon  station, 
and  several  Coast  Guard  establishments.  Milwaukee  is  one  of  the  few  Great  Lakes  ports 
which  is  open  to  navigation  the  year  around;  there  is  seldom  fog  or  ice  due  to  the 
prevailing  westerly  winds. 

The  public  port  is  operated  by  the  City  of  Milwaukee  through  a  Board  of  Harbor 
Commissioners,  composed  of  five  members  appointed  by  the  Mayor  and  approved  by 
the  Common  Council,  with  funds  controlled  by  the  council.  In  a  sense,  the  Board  is 
advisory,  but  administrative  powers  are  broad.  The  Board  is  empowered  by  State  stat- 
ute to  plan,  construct,  operate  and  maintain  docks,  wharves,  warehouses,  piers  and  other 
port  faciHties,  including  rail  facilities,  cranes  and  dock  apparatus  for  handling  of  cargo. 
The  Board  is  also  empowered  to  plan  for  the  improvement  of  all  waterways  within 
the  city,  and  to  plan,  construct  and  operate  facilities  for  aircraft.  This  Board  has,  to 
an  unusual  extent,  succeeded  in  coordinating  public  port  development  with  taxpaying 
enterprise  by  leasing  certain  port  operations  which  lend  themselves  to  private  operation. 

There  is  a  variety  and  diversification  of  waterborne  commerce  and  shipping.  A  large 
volume  of  the  bulk  tratffic  is  coal,  and  there  is  also  heavy  movement  of  package  freight, 
including  foreign  commerce.  Milwaukee  is  the  leading  car  ferry  port  of  the  world,  one 
of  the  principal  coal-receiving  ports  on  Lake  Michigan,  and  second  among  all  Great 
Lakes  ports  in  coal  receipts.  It  is  also  one  of  the  four  principal  grain-shipping  ports  on 
the  Great  Lakes.  The  port  is  an  important  center  for  the  distribution  of  gasoline  and 
fuel  oil  throughout  Wisconsin  and  adjoining  areas.  Petroleum  products  received  by  tank 
vessek  are  distributed  inland  by  rail  and  highway. 

The  car  ferries  operate  all  year.  The  port  is  served  by  two  car  ferry  lines — The 
C  &  O  Railway  Co.  and  the  Grand  Trunk-Pennsy  Car  Ferry  Co.  There  exists  a  direct 
connection  across  Lake  Michigan  with  eastern  trunk  line  railroads,  saving  some  24  to 
36  hr  transit  time.  This  serves  to  maintain  Milwaukee  on  a  parity  with  Chicago  on  rail 
rates  to  the  eastern  seaboard.  An  average  of  nine  car  ferries  arrive  from  Milwaukee  ports 
daily,  approximating  3,000,000  tons  of  freight  per  year. 

The  first  municipal  port  facility  was  a  car  ferry  terminal,  consisting  of  a  finger  pier, 
two-track  bridge  and  storage  and  boat  yard  operating  tracks,  placed  in  operation  in 
July  1929.  This  terminal  is  presently  leased  to  the  C  &  O  Railway  on  a  long-term  lease. 

The  six  years  prior  to  1962  saw  a  tremendous  $14  million  construction  program 
by  the  City  of  Milwaukee  which  transformed  the  outer  harbor  and  changed  the  whole 
appearance  of  the  lake  front.  Included  in  the  improvements  was  a  program  of  expan- 
sion of  rail  facilities,  to  the  end  that  the  outer  harbor  is  now  served  by  almost  19  miles 
of  tracks.  Trackage  consists  of  boat  yard  operating  tracks,  capacity  81  cars;  classilia- 
tion  or  storage  yard,  154  cars;  4  operating  tracks,  273  cars;  a  lakefront  storage  track, 
35  cars;  and  run-around  and  engine  storage  track,  11  cars.  All  of  the  trackage  is  owned 
by  the  City  of  Milwaukee,  and  is  operated  by  the  C  &  O  Railway,  the  C&NW  Railway 
and  the  Milwaukee  Road.  In  addition,  the  Grand  Trunk  Western  owns  and  operates 
its  own  private  car  ferry  storage  yard  with  a  capacity  of  about  225  cars.  The  expansion 
program  included  also  a  number  of  new  piers  and  storage  warehouses,  as  well  as  a  new 
passenger  and  automobile  pier. 
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General  cargo  is  usually  handled  to  and  from  vessels  by  ship's  tackle.  However, 
shore-based  hoisting  facilities  are  available  for  making  heavy  lifts,  including  an  85-ton, 
full-portal,  gantry  crane  owned  and  operated  by  the  city,  one  of  the  largest  on  the 
Great  Lakes.  There  is  also  a  similar  crane  of  SO-ton  capacity,  and  a  number  of  lesser 
capacity  locomotive  and  traveling  cranes,  as  well  as  a  number  of  privately  owned  cranes 
available  for  handling  cargo. 

There  are  31  railway  and  highway  bridges  across  the  navigable  waters  tributary  to 
Milwaukee  Harbor;  6  are  railroad  swing  bridges,  18  are  double-leaf  bascule  highway 
bridges,  1  is  a  single-leaf  highway  bascule,  2  are  swing  span  highway,  and  4  are  fixed 
highway  bridges,  the  latter  located  at  the  head  of  navigation. 

Nine  oil  companies  operate  and/or  use  3  facilities  at  the  port  for  the  receipt  of 
petroleum  products  by  water.  These  companies  have  a  total  of  63  storage  tanks  with 
a  combined  storage  capacity  for  2,043,028  barrels.  At  the  beginning  of  1962  the  new 
West  Shore  Pipeline  for  petroleum  products  went  into  full-scale  operation,  which  resulted 
in  diversion  of  the  major  part  of  Milwaukee's  petroleum  traffic  from  waterborne  routes 
to  the  pipeline.  Prior  to  1962,  waterborne  petroleum  traffic  had  been  developed  to  the 
extent  of  2.50  million  tons  or  more  per  year.  These  receipts  dropped  to  a  little  more 
than  1  million  tons  in  1962,  with  about  1%  million  tons  of  pipeline  deliveries.  Total 
volume  of  petroleum  also  declined  slightly  in  the  Milwaukee  terminal,  representing  the 
volume  delivered  directly  to  Green  Bay  at  the  north  end  of  Lake  Michigan  by  pipeline 
in  the  amount  of  100,000  tons.  Net  traffic  loss  to  the  city,  however,  will  not  be  too 
great,  because  the  city  receives  the  equivalent  of  wharfage  charges  for  the  petroleum 
products  delivered  by  pipeline. 

The  port  has  experienced  a  healthy  and  almost  uninterrupted  rate  of  growth  in  the 
St.  Lawrence  Seaway  trade.  Traffic  volume  of  Seaway  operation  rose  from  176,000  net 
tons  in  1959  to  686,000  net  tons  in  1961.  Tonnage  dropped  to  496,184  net  tons  in  1962, 
reflecting  the  heavy  reduction  in  export  shipments  of  iron  and  steel  scrap.  Total  com- 
merce figures  are  not  yet  available  for  1962,  but  preliminary  analysis  would  indicate  a 
decline  of  between  1.5  and  2  million  tons  for  the  year,  dropping  from  8,370,000  net  tons 
in  1961  to  an  estimated  7,000,000  net  tons  in  1962.  These  figures  represent  to  some 
extent  the  unsettled  business  conditions  of  1962,  as  well  as  the  loss  of  the  European 
scrap  metal  market. 

Rate  reductions  by  railroads  serving  the  Lake  Michigan  area  also  had  an  effect  on 
the  port  operations.  Cross-lake  automobile  traffic,  long  a  basic  feature  of  Milwaukee's 
lake  trade,  became  the  objective  of  competing  rail  systems,  which  sharply  reduced  the 
railroad  rates  from  Michigan  producing  points,  and  brought  new  transportation  tech- 
nology to  bear  with  triple-deck  rail  cars  of  special  design  for  the  automobile  traffic. 
The  rail  car  ferry  services  across  Lake  Michigan  were  important  factors  in  this  rate 
picture,  and  some  of  the  traffic  lost  to  one  form  of  cross-lake  trade  may  show  up  as 
moderately  increased  volume  by  car  ferries  serving  the  port.  However,  a  good  part  of 
the  traffic  diverted  went  to  all-rail  routes,  and  not  to  water  carriers. 

Other  rate  conflicts  involved  flour  for  export,  grain,  and  other  traffic  items  impor- 
tant to  Milwaukee  Harbor.  The  apparent  rate  war.  Great  Lakes  vs.  Gulf  Ports,  erupted 
anew  toward  the  end  of  1962,  with  rate  reductions  proposed  for  rail  movement  of 
Midwest  wheat,  flour  and  sugar  for  export  via  Gulf  ports.  Eastern  and  southern  railroads 
continued  to  publish  scores  of  competitive  rate  reductions,  designed  to  siphon  traffic 
away  from  lake  port  gateways. 

Gross  port  operating  revenues  for  1962  are  estimated  at  $940,000  to  $950,000,  about 
equal  to  1961  revenues.  Net  earnings  from  proprietary  operations  are  estimated  to  fall 
slightly  from  $520,000  to  $510,000. 
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Report  on  Assignment  7 

Relative  Merits  and  Economics  of  Construction  Materials 
Used  in  Waterfront  Facilities 

Shu-t'ien   Li   (chairman,  subcommittee),  W.  Binzen,   B    M.  Dornblatt,  W.  H.  Eschwip. 
R.  Evans,  J.  H.  Fitzpatrick,  R.  S.  Laws. 

Your  committee  submits  the  following  report  of  progress  in  the  course  of  gathering 
information  pertaining  to  relative  merits  and  economics  of  construction  materials  used 
in  waterfront  facilities.  The  report,  authored  by  Dr.  Shu-t'ien  Li,  is  entitled  "Production 
and  Conversion  of  Greenheart  with  Special  Reference  to  Specifying  It  for  Waterfront 
Facilities."  This  and  previous  reports  are  all  directed  toward  formulating  recommended 
practice  and  specifications  in  the  forthcoming  years. 


Production  and  Conversion  of  Greenheart  with  Special 
Reference  to  Specifying  It  for  Waterfront  Facilities 

BY  SHU-T'IEN  LI 

Chairman,    Subcommittee    7,    Committee    25 — Waterways    and    Harbors; 

Professor    of    Civil    Engineering, 

South   Dakota   School   of   Mines  and   Technology 

Introduction 

With  the  specific  aim  of  documenting  basic  information  and  developing  design 
criteria,  looking  toward  formulating  recommended  practice  and  specifications  in  a  rational 
way  in  the  utilization  of  greenheart  as  an  alternative  construction  material  in  waterfront 
facilities,  a  series  of  papers  has  been  presented  to  the  Association  by  the  same  author 
during  previous  years. 

In  1959,  the  theme  was  "Greenheart  (Nectandra  Rodioei) — Its  Outstanding  Merits, 
Properties,  and  Economics  in  Waterfront  Facilities."  The  1960  report  covered:  "Mechan- 
ical Properties  of  Greenheart  and  Determination  of  Recommended  Allowable  Values  for 
Design  of  Waterfront  Facihties,"  and  "Energy  Design  Criteria  for  Fender  Piling  and 
Relative  Merits  of  Different  Materials."  Themes  of  1961  extended  to  "Service  Per- 
formance Records  of  Greenheart  in  Docks  and  Harbors  of  the  United  Kingdom,"  and 
"Azobe  as  a  Construction  Material  and  Its  Comparison  with  Greenheart  in  Waterfront 
Facilities."  Further  development  was  made  in  1962  in  the  theme:  "Relative  Merits  of 
High-Strength  Steels  and  Box  Sections  in  Heavy-Duty  Fender  Piling  of  Waterfront 
Facilities",  which  comparison  favored  greenheart  for  general-purpose  wharves. 

The  present  paper  is  devoted  to  production  and  conversion  of  greenheart,  since  a 
knowledge  thereof  is  no  less  essential  in  specifying  this  material  intelligently  than  the 
knowledge  of  steel  and  cement  mill  practice  and  aggregates  processing  in  specifying  steel 
and  concrete  materials. 
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Since  1949  production  capacity  of  greenheart  in  British  Guiana  has  been  amply 
increased  with  modern  facilities  to  meet  the  demands  of  maritime  countries  for  water- 
front structures. 

The  Genuine  Material 

Uninformed  users  have  in  the  past  accepted  a  variety  of  not  less  than  IS  other 
species  (see  the  author's  1959  paper  presented  to  AREA)  as  greenheart.  Their  mechanical 
characteristics  and  decay-resistant  qualities  are  much  inferior  to  the  true  material. 

The  genuine  species  referred  to  herein  is  the  Demerara  greenheart  Ocotea  Rodioei 
(Mez)  or  Nectandra  Rodioei  (Schomb)  produced  from  the  valleys  of  the  Essequibo, 
Demerara,  and  Berbice  Rivers  in  British  Guiana,  South  America. 

It  has  been  exempt  from  the  Buy-American  clause  in  the  United  States,  and  used 
extensively  by  port  and  harbor  authorities  throughout  the  world. 

Production  of  Timber 

Greenheart  is  produced  from  the  forests  in  British  Guiana  in  the  form  of  round 
logs,  hewn  squares,  and  .sawn  sections. 

The  round  logs  have  butt  diameters  running  up  to  2  ft  6  in,  with  lengths  up  to 
70  ft,  and  with  natural  tapers  of  about  1  in  reduction  in  diameter  in  every  10  to  IS 
ft  in  length. 

Hewn  squares  are  obtained  by  axing  segments  off  the  round  log  and  then  hewing 
parallel  to  the  grain  with  a  broadbladed  axe. 

Sawn  sections  are  produced  in  all  sizes  from  3  in  to  22  in,  with  lengths  of  up  to 
60  ft,  and  are  sawn  to  the  normal  standard  tolerances  for  sawn  timber. 

The  producer  is  aware  of  the  desire  of  the  engineer  who  would  prefer  to  have 
perfect  uniformity  in  measurement  between  tip  and  butt.  But  the  former  must  also 
meet  the  objective  of  producing  an  economic  timber  which  is  saleable.  This  makes  it 
necessary  for  him  to  lose  no  more  than  the  minimum  amount  of  wood  in  conversion 

It  is  to  the  best  interests  of  the  owner  if  the  engineer-specification  writer  has  the 
essential  knowledge  of  actual  methods  of  production.  To  balance  the  engineer's  and 
the  producer's  requirements  gives  rise  to  "grading." 

Grading 

Grading  provides  a  mutual  agreement  between  the  producer  or  seller  and  the  engi 
neer  or  user  as  to  what  is  acceptable.  It  is  an  obtainable  practicable  standard  rather  than 
an  academic  yardstick.  It  implies  the  best  possible  use  of  greenheart  at  minimum  cost. 
It  represents  the  best  producible  quality  at  an  economic  cost  to  the  buyer.  It  should 
meet  all  the  engineer's  functional  requirements  and  operational  necessities,  but  there 
must  be  certain  permissible  relaxations  as  to  theoretical  uniformity  of  appearance.  Even 
in  rolled  steel  bars,  plates,  and  shapes,  there  must  be  certain  tolerances,  theoretically 
exact  dimensions  being  neither  practicable  nor  economically  feasible. 

Among  the  basic  requirements  of  a  balk*  for  structural  use  are  the  following: 

(1)  It  should  be  well  grown  and  straight. 

(2)  Its  heart  should  be  in  the  center  throughout  the  length  of  the  tree. 

(3)  An   average   taper   of    1    in.   in    20   ft   has   been   recognized   as   the   practical 
standard. 

(4)  The  plus  and  minus  tolerance  of  12  by  12  hewn  balks  from  trees  of  irregular 
growth  should  not  be  more  than  5/2  in ;  and  where  there  may  be  wanes  at 


A  rough-squared  length  of  timber. 
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the  corners,  the  measurement  from  one  outside  face  to  the  inside  of  wane 
on  the  opposite  corner  should  not  be  more  than  1  in  over  or  under,  nor 
should  the  measurement  between  wanes  at  corners  be  more  than  2  in  under. 

Other  grading  requirements  are  given  below  in  conjunction  with  conversion. 

Conversion 

The  above  grading  requirements  are  directly  controlled  during  conversion  by  the 
producer. 

Like  all  other  trees,  greenheart  does  not  grow  in  a  perfectly  cylindrical  trunk.  Its 
conversion  to  a  hewn  square  timber  begins  with  the  heart  as  the  longitudinal  control. 
The  taper  of  greenheart  round  logs  varies  between  1  in.  in  10  ft  and  1  in.  in  15  ft. 
This  taper  is  reduced  to  a  standard  tolerance  of  not  more  than  1  in.  in  20  ft  after 
hewing  into  square  timbers  as  indicated  under   (3)   of  the  previous  section. 

For  uniformity  in  measurement  between  adjacent  faces,  the  permissible  tolerances 
are  given  under  (4)  of  the  previous  section.  Those  stipulations  include  hewn  balks 
from  trees  of  irregular  growth.  The  tolerances  allowable  for  wane  at  the  corners  result 
from  (1)  the  cylindrical  consistency  of  the  original  growth,  and  (2)  the  consideration 
of  economic  conversion. 

Additional  features  under  the  direct  control  of  the  producer  through  a  process  of 
examination  and  rejection  consist  of  the  incidence  of  knots,  shakes,  and  any  other  abnor- 
mal growth  that  may  render  the  hewn  square  timber  unsatisfactory  as  a  structural 
material. 

Wane  is  a  matter  vulnerable  to  argument  and  hence  deserves  special  consideration. 

Wane 

As  one  of  the  most  controversial  points  in  grading,  wane  is  inherently  difficult  of 
being  accurately  defined  to  cover  all  possible  cases  because  of  slightly  different  irregular- 
ities in  the  natural  growth  of  greenheart.  No  tree  would  grow  with  its  trunk  perfectly 
cylindrical.  Hence,  it  is  almost  impossible  to  produce  absolutely  consistent  wane.  All 
hewn  squares  of  greenheart  have  more  or  less  wane. 

When  wane  is  stipulated  in  contracts  and  specifications,  the  best  way  is  to  give 
quantitative  ratios  or  limits  to  avoid  ambiguity.  More  often  than  not,  however,  indis- 
criminate specifications  writers  refer  to  it  as  "moderate"  or  "slight",  which  may  lead  to 
unnecessary  disputes  due  to  lack  of  accurate  interpretation. 

For  long  lengths  of  greenheart  timber,  say  over  60  ft,  the  best  interests  of  economy 
dictate  a  fairly  liberal  acceptance  of  wane.  Otherwise,  the  conversion  loss  and  labor 
costs  in  making  finished  squares  out  of  the  naturally  tapered  logs  would  become  pro- 
hibitive, and  at  the  same  time  might  result  in  too  slender  a  section  relative  to  its  length, 
rendering  a  long  stick  of  very  little,  if  any,  constructional  value. 

Long  Piles 

Due  to  its  longevity  in  marine  environment,  greenheart  is  particularly  adapted  to 
friction  and  fender  plies  in  waterfront  facilities.  Where  long  piling  is  required,  it  should 
be  recognized  that  the  bending  stresses  at  the  tip  are  usually  not  nearly  as  high  as  will 
be  developed  nearer  the  butt,  the  chief  function  being  deep  penetration,  surface  friction, 
or  bending  at  points  where  the  ship  may  come  into  contact. 

To  allow  the  square  to  taper  off  into  round  at  the  tip  would,  therefore,  in  no  way 
decrease  the  suitability  of  the  piling.  For  a  natural  taper  of  1  in.  in  10  ft,  acceptance 
of  a  tapered-off  round  tip  would  mean  a  60-ft  pile  at  the  production  cost  of  an  other- 
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wise  50-ft  pile.  The  design  requirements  can  still  be  insured  by  stipulating  a  tip  diameter 
that  will  give  the  minimum  area  necessary.  In  fact,  unless  square  piles  are  specifically 
required  by  operational  functions,  natural  round  tapered  piles  are  the  most  economical. 
Owing  to  their  inherent  high  strength,  greenheart  piles  may  be  spliced  into  very 
long  lengths.  Hewn  logs  have  been  jointed  to  form  90-ft  piles. 

Sawn  Sections 

The  most  economical  sawn  section  is  that  which  will  keep  the  conversion  loss  to 
the  minimum.  In  cases  where  sawn  parallel  faces  are  required  for  the  upper  length  of 
the  pile  to  facilitate  bracing-member  connections,  it  is  in  the  interest  of  best  economy 
to  have  the  piles  part  sawn.  To  extend  this  idea  further,  appropriate  treatment  con- 
sistent with  maximum  economy  may  well  result  in  a  pile  (1)  part  sawn  die-square  near 
the  top  for  sake  of  appearance,  (2)  part  sawn  but  with  a  wane  tolerance  to  facilitate 
connections  and  fittings,  (3)  part  hewn  with  also  wane  tolerance,  and  (4)  part  round 
at  the  tip  of  the  pile,  thus  furnishing  the  maximum  length  with  the  minimum 
conversion  loss. 

Stocks  and  Specific  Orders 

Stocks  of  greenheart  are  currently  held  in  the  United  States,  in  the  United  Kingdom, 
and  in  other  countries  where  there  is  sufficient  demand. 

It  has  also  become  a  usual  practice  to  import  directly  to  consumers  specific  orders 
to  reduce  transport,  handling,  storage,  and  reshipping  charges.  Such  direct  importation 
further  makes  it  possible  to  minimize  conversion  loss  to  suit  the  specific  requirements 
of  the  structure. 

Importing  against  specific  orders,  however,  generally  requires  a  delivery  period 
of  3  to  4  months.  To  eliminate  delays  in  starting  a  contract,  it  is  highly  desirable  to 
pre-order  the  greenheart  timber  in  sufficient  quantities  to  facilitate  commencing  the  work 
before  the  contract  is  let.  The  time-conscious  contractor  will  invariably  take  over  pre- 
ordered   greenheart   and   arrange   for   further   supply   to   meet   subsequent   requirements. 

An  expedient  alternative  to  pre-ordering  is  to  draw  on  stocks  held  by  the  dis- 
tributors for  work  to  be  undertaken  during  the  delivery  period.  It  may  be  noted  that 
owing  to  increased  handling  and  storage  charges,  materials  from  stock  are  generally 
some  IS  percent  more  costly  than  those  imported  directly  against  specific  orders. 

Availability 

Current  availability  of  hewn  logs  of  greenheart  in  British  Guiana  runs  as  follows: 


Siding  in  Inches 

Length  in  Feet 

Aeailability 

8  by  8,  10  by  10.^                      ...              _.    _        , 

11  to  28 

11  to  35 

Any  up  to  45 

Any  up  to  50 

Any  up  to  55 

Any  up  to  60 

Any  over  60  up  to  70 

Any  up  to  60 

Any  up  to  55 

Any  up  to  50 

Over  50  up  to  60 

Any  up  to  45 

Over  45  up  to  55 

Up  to  40 

lOJ^by  lOH.  11  by  11 

11  H  by  11  H  up  to  12  by  12 

12H  by  121^  up  to  13  by  13- 

Excellent 
Excellent 
Excellent 

13  H  by  13  J^  up  to  14)^  by  14}^-.      -._..-___. 

Excellent 

14}^  by  14^  up  to  15  >i  by  15  H 

14J^  by  14J^  up  to  16  by  16- 

16>i  by  16Ji,  17  by  17 -    .. 

17^  by  17Ji,  18  by  18  - 

18^  by  18Ji,  19  by  19 

19K  by  19)^  up  to  21  Ji  by  21  %. 

Reasonable  quantities 

22Mby  22 >i  up  to  23  H  by  23  »^ 

Reasonable  quantities 

Over  23  3^  by  23  H 

Very  difficult 
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Specifications 

While  in  the  foregoing  sections  certain  stipulations  have  been  pointed  out  for  incor- 
poration as  special  clauses  in  specifications  for  greenheart  in  any  particular  project,  the 
following  general  clause  seems  pertinent  where  greenheart  is  used  as  an  engineering 
material: 

The  timber  shall  be  Demerara  greenheart  from  British  Guiana,  Ocotea  Rodioei  (Mez) 
or  Nectandra  Rodioei  (Schomb)  of  mature  growth  free  from  gross  defects,  air  seasoned, 
and  having  minimum  weight  of  65  lb  per  cu  ft  at  2S-percent  moisture  content. 

In  addition,  to  describe  fully  a  parcel  of  hewn  balks,  the  following  stipulations  are 
required: 

(1)  The  length  shall  have  a  tolerance  within  ±2  ft. 

(2)  The  variation  of  mean  dimensions  at  the  mid-point  as  measured  to  the 
nearest  %  in  with  calipers,  and  the  permissible  variation  between  adjacent 
sidings  and  between  individual  balks,  shall  be  within  ±  1  in  on  lengths  up 
to  55  ft  and  within  ±  lYz  in  on  lengths  over  55  ft.  According  to  these  pro- 
visions, the  maximum  and  minimum  sizes  shall  be,  respectively,  within  ±  ]/2 
in  each  side  for  lengths  up  to  55  ft,  and  within  ±  ^  in  for  lengths  over 
55  ft,  as  compared  with  the  nominal  size.  The  outline  of  the  balk  at  the 
mid-point  shall  fall  in  the  zone  between  the  two  concentric  squares  of  maxi- 
mum and  minimum  sizes. 

(3)  Permissible  taper  and  wane  shall  not  be  over  1  in.  in  20  ft  and  1  in.  in  5  in, 
respectively,  for  balks  up  to  55  ft  in  length.  For  lengths  over  55  ft,  the  wane 
allowance  may  be  increased  to  not  over  1  in.  in  4  in. 

(4)  Sawn  timber  shall  hold  up  to  the  nominal  dimensions,  subject  only  to  sawing 
tolerances,  as  for  the  structural  grade  of  all  commercial  timber. 

(5)  The  maximum  deviation  between  the  face  of  the  timber  and  the  grain  slope 
shall  not  be  over  1  in  12  in  sawn  timber  for  normal  structural  purposes. 
Hewn  timber  shall  result  in  a  grain  slope  of  less  than  1  in  12. 

Wane  allowance  where  permitted  should  be  specified  and  the  faces  to  which  wane 
allowance  apphes  should  be  indicated.  Any  other  special  requirements,  such  as  minimum 
section  at  a  particular  point,  should  be  specified. 
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(E)  Member  Emeritus. 


Those    whose    names    are    set    in    bold-face    type    conslitiile    the    Engineering    Divisid 
mittee  13. 


AAR,    Com- 


To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress   report,   submitted   for  adoption    page  206 

2.  Prevention  of  corrosion  in  hot  water  heating  systems. 

Progress   report,   submitted  as   information    page  207 

3.  Design,  construction  and  operation  of  railroad  sanitary  and  servicing  facil- 
ities, and  relations  with  governmental  agencies  pertaining  to  these  facilities. 
Progress  report,  presented  as  information    page  209 

4.  Cathodic  protection  of  pipe  lines  and  steel  storage  tanks,  collaborating 
with  Committee  18. 

Final  report,  submitted  as  information  covering  the  work  done  during 
1957,  1959,  1961  and  1962.  The  report  will  be  recommended  for  publication 
in  the  Manual  in   1965    page  210 

5.  Methods  and  materials  to  be  used  in  car  cleaning  facilities,  collaborating 
with  Mechanical  Division,  AAR. 

Progress  report,  submitted  as  information,  outlining  water-spraying  facil- 
ities and  detergents  used  for  cleaning  interiors  of  railroad  freight  cars  and 
exteriors  of  passenger  equipment    page  218 

6.  Railway  waste  disposal. 

No  report  this  year  by  this  standing  committee. 
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7.  Installation  and  maintenance  of  liquefied  petroleum  gas  facilities. 
Progress  report,  submitted  as  information,  covering  safety  precautions  to 
be  taken  in   the  handling  of  liquefied  petroleum  gases  while  loading  and 
unloading   railroad   tank   cars   and   while   filling  storage  tanks   on   railroad 
property     page  223 

8.  Methods  of  controlling  spillage  of  fuel  oil  at  diesel  fueling  and  unloading 
stations. 

Progress  report,  offered  as  information,  stating  that  the  committee's  aim, 
in  collaboration  with  the  AAR  Locomotive  Committee,  is  standardizing 
fuel  tank  connections  on  shut-off  diesel  fueling  devices  of  all  manufac- 
turers       page  243 

9.  Disinfectants,  deodorants,  fumigants  and  cleaning  materials. 
No  report. 

10.  Bacteria    growth    in    diesel    fuel,    collaborating    with    Mechanical   Division, 
AAR. 
No  report. 

The  Committee  on  Water,  Oil  and  Sanitation  Services, 

E.  C.  Harris,  Chairman. 


AREA  Bulletin   581,  November   1963. 


Report  on  Assignment  1 

Revision  of  Manual 

T.  A.  Tennyson  (chairman,  subcommittee),  W.  F.  Arksey,  D.  E.  Drake,  T.  L.  Hendrix, 
F.  O.  Klemstine,  D.  C.  Teal,  C.  B.  Voitelle. 

Your  committee  has  continued  its  study  of  Chapter  13  of  the  Manual  to  determine 
where  revision  might  be  needed  for  clarification,  to  improve  accuracy,  and  to  keep  the 
material  up  to  date.  As  a  result,  your  committee  submits  the  following  recommendations 
for  adoption: 

Pages   13-1-1  and     13-1-2 

SUPPLY 

Reapprove  with  the  following  revisions: 

On  page  13-1-1,  under  Sec.  B.  Quality,  an  important  use  of  water  on  the  railroads 
is  not  mentioned.  To  rectify  this  omission,  add  the  following  to  Sec.  B  as  a  new 
paragraph : 

"For  use  in  cleaning  locomotives  and  cars,  water  of  low  hardness  and  low  turbidity 
is  preferred." 

On  page  13-1-2,  change  the  title  of  Sec.  D  to  read:  "D.  STORAGE  OF  WATER." 
In  the  second  paragraph  of  Sec.  D  delete  the  words  "or  water  stations"  from  the  first 
sentence.  In  the  last  paragraph  of  Sec.  D,  change  the  word  "stations"  in  the  last  sentence 
to  "locations." 
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Page  13-3-28 

INSPECTION  AND   MAINTENANCE   OF   DIESEL  FUEL  OIL 
STORAGE  TANKS 

Reapprove  with  the  following  revisions: 

Change  the  first  words  of  the  third  sentence  of  the  second  paragraph  to  read 
"Samples  should  be  taken.  .  .  ." 

Change  item  4  under  the  last  paragraph  to  read  "4.  Diesel  fuel  oil  storage  tanks 
should  be  wire-grounded,  and  such  grounds  should  be  thoroughly  checked." 

Add  new  item  5  reading  as  follows:  "5.  Grass  and  other  vegetation  should  be 
removed  from  the  area.  It  is  preferable  to  apply  a  soil-sterilizing  formulation  within 
the  fire  wall  at  frequent  enough  intervals  to  prevent  regrowth." 

Pages   13-4-17  to   13-4-22,  incl. 

CORROSION  PREVENTION  IN  STEAM  AND  CONDENSATE  LINES 

Reapprove  without  change.  Review  of  the  material  indicated  that  no  revisions  are 
necessary. 

Report  on  Assignment  2 

Corrosion  Prevention  in  Hot  Water  Heating  Systems 

J.  J.  Dwyer  (chairman,  subcommittee),  R.  C.  Archambeault,  W.  E.  Billingsley,  T.  W. 
Brown,  P.  J.  Calza,  C.  E.  DeGeer,  A.  E.  Dulik,  H.  E.  Graham,  G.  F.  Metzdorf, 
J.  P.  Rodger. 

This  report  is  concerned  with  the  type  of  heating  system  in  which  the  hot  water 
is  supplied  from  a  boiler  to  the  point  of  radiation  and  then  returned  to  the  boiler 
through  a  closed  system  of  piping,  either  by  gravity  or  circulating  pump.  Many 
mechanical  engineers  insist  that  in  such  a  system  there  is  no  need  for  chemical  treatment. 
Many  chemical  engineers,  however,  recommend  numerous  types  of  chemical  treatment. 
It  is  the  opinion  of  this  committee  that  both  points  of  view  have  merit. 

Mechanical  Concepts 

If  a  hot  water  system  is  properly  designed  and  closed,  and  is  properly  cleaned 
prior  to  operation,  there  may  be  little  or  no  need  for  chemical  treatment  as  long  as  the 
system  is  maintained  in  such  condition.  If  corrosion  appears  in  such  a  system,  it  will 
indicate,  usually,  a  mechanical  or  maintenance  defect  which  needs  to  be  corrected. 

In  such  closed  systems  all  of  the  returns  are  brought  back  to  the  boiler  either  by 
gravity  or  by  circulating  and  return  pumps.  Very  little  raw  makeup  water  will 
be  added  to  the  system  under  these  circumstances,  and  therefore  there  is  little  oppor- 
tunity for  corrosion-producing  contaminants  to  enter  and  cause  damage.  If  appreciable 
amounts  of  makeup  are  added  to  a  system,  however,  to  replace  losses  from  leaks,  blow- 
down,  summer  drainings,  and  the  Hke,  then  it  may  be  wise  to  consider  chemical 
treatment. 

Corrosion,  when  found,  will  usually  have  originated  from  any  of  three  sources,  viz., 
(1)  acid  water  from  dissolved  carbon  dioxide,  (2)  other  dissolved  gases,  usually  oxygen, 
and  (3)  galvanic  action  between  dissimilar  metals  in  the  system.  Prevention  of  air  infil- 
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tration  at  pumps,  fittings,  valves,  vents,  and  compression  or  expansion  tanks  therefore 
becomes  vitally  important,  as  well  as  avoiding  repeated  introduction  of  makeup  water. 
Adequate  maintenance  will  thus  be  a  necessity. 

An  example  of  air  infiltration  frequently  encountered  might  be  the  compression 
tank  that  is  not  properly  located.  Such  misplaced  tanks  can  result  in  water  loss,  frequent 
makeup  water  requirements,  air  problems,  noisy  pumps,  erratic  system  operation,  abnor- 
mal relief  valve  operation,  and  so  on.  If  the  pressure  between  radiation  and  pump 
suction  is  less  than  static  head,  the  vent  would  operate  at  a  vacuum,  under  certain 
conditions,  admitting  air  and  resulting  in  continuous  corrosion.  There  are  several  ways 
of  correcting  such  a  situation.  Sometimes  the  system  may  need  no  change  except  to 
reverse  the  flow  through  the  pump,  at  very  little  expense.  The  foregoing  will  illustrate 
the  importance  of  proper  mechanical  design.  For  details  of  such  principles  the  reader 
is  referred  to  Reference  1. 

Chemical  Concepts 

Cleaning  of  a  new  hot  water  heating  system  is  often  overlooked.  It  is  common 
practice  to  clean  new  steam  boilers  to  remove  oil  and  grease  introduced  in  manufacture. 
The  same  contaminants  are  usually  present  in  a  new  hot  water  system,  including  such 
substances  as  pipe  dope,  cutting  oils,  soldering  flux,  dirt,  and  sand,  and  will  be  dis- 
tributed throughout  the  entire  water  circuits.  Such  foreign  matter  can  contribute  to 
corrosion  potential  by  formation  of  anodic-cathodic  areas  under  deposits.  Organic  mate- 
rials may  decompose  to  form  gases  and  acidic  water.  Systems  with  low  pH  water  may 
develop  pump  seal  and  gland  problems,  leaks  at  air  vents,  abnormal  reUef  valve  opera- 
tion and  leaks  at  pipe  joints.  Cleaning  of  hot  water  systems  is  therefore  quite  important. 
If  cleaning  is  not  performed  when  needed,  and  leaks  develop,  then  excessive  makeup 
will  be  required,  introducing  oxygen,  and  corrosion  problems  may  be  expected  to 
become  severe. 

A  cleaner  which  has  been  used  with  success  is  a  mixture  of  sodium  metasilicate 
and  sulfonated  alcohol  type  wetting  agent  in  proportions  of  3  lb  and  0.3  lb,  respectively, 
to  each  100  gal  of  water  contained  in  the  system.  Procedure  would  be  to  fill  system, 
open  vent,  and  circulate  at  operating  temperature  for  about  4  hr.  After  draining  out 
the  cleaner,  system  must  be  thoroughly  flushed  or  rinsed  with  plain  water  until  there 
is  no  indication  of  foaming.  Other  chemicals  have  been  suggested  for  such  cleaning,  and 
are  described  in  the  references,  particularly  Reference  1. 

Chemical  treatment  in  hot  water  heating  systems  is  recommended  as  good  insurance 
against  corrosion  damage  which  will  occur  when  mechanical  failures  allow  oxygen  to 
enter  the  system.  Steam  boiler  water  treatments  such  as  caustic  soda  or  soda  ash  usually 
increase  the  pH  of  the  water  in  excess  of  11,  and  for  systems  containing  non-ferrous 
metals  such  as  copper,  brass,  aluminum,  etc.,  these  highly  alkaline  chemicals  are  not 
recommended.  Inhibitors  are  now  available  which  protect  the  metallic  components  of 
the  system  from  attack  by  producing  a  barrier  at  the  metal-water  interface,  thus  ren- 
dering the  metal  passive  to  attack.  These  inhibitors  maintain  a  pH  usually  of  about 
9.5  in  the  circulating  water. 

The  two  types  of  inhibitors  most  commonly  used  are  the  chromate  type  and  the 
nitrite-borate  type.  Both  are  readily  available  from  most  of  the  principal  water  treat- 
ing companies  which  have  been  serving  the  railroads  for  many  years.  The  chromate 
inhibitor  will  probably  be  the  more  economical,  due  to  the  lower  dosage  requirements. 
Adequate  protection  is  claimed  at  1 50-250  ppm  Na2Cr04,  or  even  at  25-35  ppm  NaaCr04 
with    some    of    the    chromate-polyphosphate    combination   inhibitors.    Disadvantages   of 
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chromate  are  that  it  is  toxic,  O.OS  ppm  of  chromium  will  contaminate  drinking  water; 
it  presents  waste  disposal  problems  when  necessary  to  dispose  of  it,  and  it  is  considered 
a  dermatitis-producing  material.  In  strong  concentrations  it  may  have  a  detrimental 
effect  on  pump  seals.  It  is  a  strong  oxidizing  agent,  in  solution  is  a  good  conductor  of 
electricity,  and  enhances  stray  current  electrolysis.  It  should  be  especially  noted  that 
chromate  treatments  may  not  be  used  in  a  boiler  whose  feed  system  is  connected  to  a 
city  water  supply,  as  this  would  constitute  a  cross  connection  with  a  contaminated 
supply. 

The  nitrite-borate  inhibitor  is  not  toxic  and  presents  no  dermatitis  hazards,  and 
does  not  appear  to  have  any  detrimental  effect  on  pump  seals.  Dosages  of  3000-3500 
ppm  may  be  required  for  corrosion  control. 

Summary 

Measures   to   consider   in   protecting   a   hot   water   heating   system    from   corrosion: 

1.  Good  mechanical  design. 

2.  Good  cleaning  of  a  new  system  or  after  repairs. 

3.  Good  maintenance. 

4.  Good  chemical  treatment. 

5.  Do  not  drain   system   unless  absolutely   required. 

6.  Do  not  permit  entry  of  dissolved  gases  into  system. 

In  the  interests  of  avoiding  repetition  and  conserving  space  the  reader  is  advised 
to  consult  particularly  References  2  and  3,  which  are  companion  articles  on  corrosion 
prevention  in  related  systems  already  appearing  in  the  AREA  Manual. 
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This  report  is  presented  as  information. 

Report  on  Assignment  3 

Design,  Construction  and  Operation  of  Railroad  Sanitary 

and  Servicing  Facilities  and  Relations  With 

Governmental  Agencies  Pertaining  to 

These  Facilities 

C.  F.  Muelder  (chairman,  subcommittee),  J.  M.  Bates,  T.  W.  Brown,  P.  J.  Calza, 
C.  E.  De  Geer,  W.  T.  Hammond,  J.  H.  Langston,  H.  Parrish,  J.  C.  Roberts,  J.  P. 
Rodger,  E.  M.  Walters,  J.  E.  Wiggins,  Jr. 

Your  committee  annually  reports  on  railroad  sanitary  and  servicing  facilities, 
presenting  as  information  laws,  ordinances,  regulations  and  decisions  of  various  govern- 
mental  agencies  as  they   relate   to  public  health  and  sanitation. 
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The  U.  S.  Public  Health  Service  is  revising  the  handbook  on  Railroad  Passenger 
Car  Construction,  and  your  committee  has  had  an  opportunity  to  assist  in  this  work 
by  presenting  its  views. 

There  have  been  no  significant  new  developments  with  respect  to  sanitary  equip- 
ment. It  has  been  noted,  however,  that  several  private  investigations  are  presently  being 
conducted  on  frostproof  sanitary  coach  water  hydrants. 

The  committee  calls  to  your  attention  the  increasing  interest  and  concern  on  the 
part  of  the  public  and  governmental  agencies  of  pollution  to  streams  and  lakes.  The 
United  States  Senate  recently  passed  Bill  No.  649  sponsored  by  Senator  Muskie,  to 
amend  the  Federal  Water  Pollution  Control  Act.  This  bill  would  establish  the  Federal 
Water  Pollution  Control  Administration,  increase  grants  for  construction  of  municipal 
sewage  treatment  works,  provide  financial  assistance  to  municipalities  and  others  for 
the  separation  of  combined  sewers,  and  set  up  a  new  governmental  agency  under  an 
Assistant  Secretary  of  Health,  Education  and  Welfare,  to  control  and  abate  pollution 
of  interstate  or  navigable  waters.  Responsibility  of  the  new  agency  would  be  to  set 
standards  of  quality  of  waters,  and  considerable  authority  would  be  granted  to  carry 
out  control  of  pollution  of  streams  and  lakes. 

There  are  several  other  bills,  both  in  the  Senate  and  House,  on  this  subject,  in 
which  the  approach  to  pollution  control  excludes  the  U.  S.  Public  Health  Services  and 
sets  up  new  governmental  agencies.  Your  committee  questions  the  advisability  of  this 
approach  . 


Report  on  Assignment  4 

Cathodic  Protection  of  Pipe  Lines  and  Steel 
Storage  Tanks 

Collaborating  with  Committee  18 

W.  F.  Arksey  (chairman,  subcommittee) ,  A.  E.  Dulick,  T.  I.  Gray,  T.  L.  Hendrix,  H.  M. 
Hoffmeister,  F.  O.  Klemstine,  C.  F.  Muelder,  E.  T.  Myers. 

Your  committee  has  reviewed  its  reports  on  this  subject  published  in  1957,  1959, 
1961  and  1963,  and  presents  the  following  material  to  be  published  this  year  as  infor- 
mation, with  the  idea  of  pubHshing  it  next  year  as  Manual  material. 

A.  INTRODUCTION  TO  CATHODIC  PROTECTION 
1.  Cost  of  Underground  Corrosion 

Corrosion  of  buried  plant  and  its  contingent  losses  are  costing  American  industry 
about  $1  billion  per  year.  Much  of  this  loss  can  be  stopped  by  proper  preventive 
measures.  Thus  it  is  good  business  for  management  to  give  sympathetic  support  to  their 
engineers  dealing  with  the  application  of  cathodic  protection. 

Z.  Principle  of  Prevention 

Corrosion  of  metals  reverses  the  reactions  through  which  they  were  orginally 
refined  by  returning  metals  to  their  natural  state  as  ores  and  compounds,  This  attack 
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is  always  evidenced  by  a  flow  of  electric  current  from  the  metal.  In  most  cases  a  chem- 
ical change  initiates  the  current  flow  but,  conversely,  a  flow  of  impressed  current  from 
metal  to  soil  causes  chemical  change. 

Regardless  of  whether  the  chemical  change  initiates  the  current  flow  or  vice  versa, 
the  corrosion  damage  is  physically  similar.  If  such  current  out-flow  can  be  prevented, 
corrosion  cannot  occur. 

3.  Natural  Corrosion 

In  numerous  areas  where  transit  companies  have  abandoned  electrified  track,  opera- 
tors of  other  structures  are  finding  that  removal  of  the  stray  railway  currents  has  allowed 
the  weaker  currents  of  natural  corrosion  to  flow  unopposed.  The  track  current  was 
giving  cathodic  protection  to  the  adjacent  structures,  although  it  could  also  aggravate 
corrosion  in  other  instances.  With  some  railroads  abandoning  electrified  lines,  a  similar 
condition  could  develop. 

4.  Coating  as  a  Protective  Measure 

If  a  structure  could  be  coated  with  an  impervious  and  durable  layer  of  electric 
insulating  material,  all  flow  of  current  to  or  from  the  soil  would  be  prevented.  Although 
excellent  coatings  are  now  available  that  will  provide  reasonable  protection  if  carefully 
applied,  most  will  deteriorate  or  become  damaged  in  time,  tending  to  focus  corrosion 
to  the  damaged  areas. 

5.  The  Cathodic  Protection  Technique 

For  reducing  corrosion  on  older  structures,  or  insuring  continued  protection  with 
newer  coatings,  the  use  of  cathodic  protection  is  indicated.  Specifically,  this  is  the  tech- 
nique of  impressing  inward-flowing  currents  to  counteract  the  outward-flowing  currents 
of  natural  corrosion.  Where  cathodic  protection  is  applicable,  it  has  the  special  advan- 
tage that  it  can  be  installed  with  very  little  disturbance  of  the  structures. 

Two  types  of  protective  current  source  may  be  used.  Where  considerable  current 
is  required,  it  may  be  obtained  from  direct-current  generators  or  rectifiers  connected  by 
insulated  wires  positively  to  the  anodes  and  negatively  to  the  structure.  Where  less 
protective  current  will  suffice,  anodes  may  be  used  which  will  self  generate  the  needed 
current.  When  casses  of  magnesium,  aluminum  or  zinc  are  buried  and  connected  to 
steel  or  lead  structures  by  insulated  wires,  they  will  generate  current  (as  in  a  battery) 
which  will  flow  through  the  soil  into  the  structure. 

All  types  of  anodes  will  be  corroded  by  the  protective  current  which  they  discharge 
to  the  soil,  and  must  be  renewed  at  intervals.  However,  correct  sizing  can  give  years 
of  protection. 

6.  Cathodic  Interaction  Problems 

The  current  applied  to  one  structure  may  enter  adjacent  structures,  causing  corro- 
sion where  it  leaves  that  structure.  Therefore,  any  operator  planning  a  cathodic  pro- 
tection system  should  notify  operators  of  neighboring  buried  structures  so  that  all  can 
cooperate, 
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B.  CATHODIC  PROTECTION  TECHNICAL  PRACTICES 

1.  Current  Required  for  Proper  Cathodic  Protection 

Most  engineers  concur  that  the  most  practical  method  of  determining  protective 
current  requirements  is  to  apply  such  current  to  the  structure  on  a  trial  basis,  using 
portable  power  supplies  and  temporarily  installed  anodes.  The  current  flow  can  be 
adjusted  until  relatively  simple  field  measurements  indicate  that  cathodic  protection 
has  been  established  on  the  structure  sufficient  to  prevent  further  corrosion. 

The  adequacy  of  protection  is  best  determined  by  measuring  the  potential  it  estab- 
lishes between  the  structure  and  the  soil  under  various  rates  of  current  flow.  For  making 
the  voltmeter  contact  to  the  soil  a  suitable  non-polarizing  reference  electrode  (or  half- 
cell)  is  used.  For  testing  on  steel  or  black  iron  structures  generally  a  copper  sulfate 
half-cell  is  used. 

Based  on  such  potential  measurements,  certain  widely  accepted  practical  criteria, 
indices,  or  "yardsticks"  of  adequate  cathodic  protection  have  been  developed.  Using 
the  half-cell  reference  electrodes,  experience  has  shown  that  adequate  protection  of  steel 
or  iron  pipes  usually  is  obtained  if  their  potential  is  reduced  by  the  protective  current 
to  measure  about  -0.85  v  with  respect  to  the  copper  sulfate  half-cell  in  contact  with 
the  soil.  For  galvanized  pipe,  a  potential  with  respect  to  the  copper  sulfate  half-cell 
of  about  -1.10  V  is  required  for  protection. 

2.  Location  of  Current  Supply  Points 

The  location  at  which  protective  current  should  be  applied  to  a  structure  as  well 
as  the  amount  of  current  required  may  be  determined  by  use  of  batteries  or  portable 
generators  connected  between  the  structure  and  temporary  anodes.  Readings  should  be 
taken  along  the  structure  at  points  progressively  farther  from  the  power  supply  con- 
nection. Depending  on  conditions,  it  may  take  minutes,  or  several  days,  for  the  structure- 
to-soil  potentials  to  become  stable.  Temporary  equipment  should  be  left  in  place  for 
some  time   to   establish   reasonably  stable  conditions. 

The  choice  of  current  supply  locations  depends  to  a  large  extent  on  the  type  of 
permanent  power  supply  suited  to  the  job.  The  scope  of  this  report,  however,  is  intended 
to  cover  small  installations  where  galvanic  anodes  would  normally  be  used.  Where  the 
system  to  be  protected  is  extensive,  the  services  of  a  competent  corrosion  engineer  are 
recommended.  The  effect  of  cathodic  protection  systems  on  signal  systems  should  be 
investigated  to  avoid  false  signal  operation. 

3.  Available  Current  Sources 

Sources  of  direct  current  power  considered  most  practical  for  cathodic  protection  are; 

a.  External  Power  Sources 

(1)  Ac-dc  rectifiers 

(2)  Dc  generators  driven  by  various  types  of  prime  movers 

b.  Galvanic  Anodes   (magnesium,  zinc  or  aluminum) 

Where  large  amounts  of  current  per  location  are  required,  it  is  generally  more  eco- 
nomical to  use  external  power  sources,  although  in  some  cases  the  use  of  a  large  group 
of  galvanic  anodes  may  be  preferable. 

Galvanic  anodes  can  efficiently  produce  only  a  few  hundred  milliamperes  per  anode, 
but  on  coated  structures  or  on  plants  of  limited  extent,  this  can  provide  adequate  pro- 
tection. It  is  often  practical  to  install  galvanic  anodes,  singly  or  in  groups,  at  frequent 
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intervals  along  a  long  pipe  line,  and  thus  obtain  the  protection  that  might  be  afforded 
by  rectifier-type  supplies  at  wider  spacings.  For  galvanic  anodes,  magneisum  is  now 
favored  by  corrosion  engineers.  A  new  type  of  magnesium  ribbon  is  available  which 
can  be  laid  parallel  to  the  line  and  thereby  provide  a  continuously  distributed  anode. 

Open-circuit  potentials  between  properly  installed  galvanic  anodes  and  reference 
half-cells  contacting  adjacent  soil  are  relatively  constant,  that  of  magnesium  relative 
to  copper  sulfate  being  about  1.50  v  and  that  of  zinc  to  the  same  reference  being  about 
1.0  v.  It  is  often  impossible,  however,  accurately  to  predict  the  effective  potential  of  a 
galvanic  anode  relative  to  an  undisturbed  buried  structure,  for  two  reasons. 

First — the  theoretical  relative  potentials  calculated  from  the  values  listed  in  "electro- 
motive series"  tables  of  handbooks  are  seldom  realized  when  the  two  metals  are  placed 
in  soil  or  water. 

Second — the  innumerable  and  often  wide  variations  of  undisturbed  structure  sur- 
face and  burial  environment  cause  corresponding  and  unpredictable  effects  on  these 
potentials.  Thus  only  local  experience  of  testing  can  determine  with  reasonable  accuracy 
what  effective  open-circuit  anode-to-structure  potential  may  be  realized  in  a  particular 
installation. 

C.  INSTRUMENTATION 

In  making  a  field  survey  it  is  necessary  to  measure  electrical  potentials  and  cur- 
rents associated  with  corrosion  of  the  facilities  in  question.  When  cathodic  protection 
has  been  applied  to  an  installation,  electrical  measurements  are  made  to  determine  when 
corrosion  has  halted.  The  corrosion  potentials  and  current  normally  measured  are  small, 
extending  down  to  millivolts  and  milliamperes.  However,  cathodic  protection  and  elec- 
trolysis currents  range  from  milliamperes  to  hundreds  of  amperes.  Therefore  instruments 
must  cover  a  wide  range  of  current  and  potential  measurements.  Improperly  taken 
measurements  in  the  field  may  result  in  data  calling  for  a  cathodic  protection  system 
which  may   only  partially  protect  or  considerably  over-protect  the  system. 

Potential  Measuring  Instruments 

Four  types  of  millivolt  meters  are  used. 

a.  Low-resistance  instruments 

b.  High-resistance  instruments 

c.  Potentiometer  voltmeters 

d.  Vacuum-tube  voltmeters 

There  are  two  general  rules  which  should  be  followed  in  choosing  the  instruments 
to  be  used. 

a.  The  instrument  sensitivity  should  be  of  such  order  as  not  to  pass  sufficient 
current  to  change  the  potential  being  measured  nor  polarize  the  reference 
electrode  being  used,  thereby  changing  its  half-cell  potential. 

b.  The  internal  resistance  (if  moving  coil  and  series  resistors)  should  be  very 
high  compared  to  the  external  resistance  of  leads  and  resistance  to  earth  of 
reference  electrodes.  If  readings  with  1  percent  accuracy  are  required,  the  instru- 
ment resistance  must  be  99  times  as  high  as  the  resistance  of  leads,  contacts 
and  electrodes  (unless  corrections  are  made  for  external  resistances). 

A  high-resistance  voltmeter  (50,000  to  500,000  ohms-per-volt  sensitivity)  may  be 
used  to  measure  structure-to-earth  potentials,  using  a  reference  electrode.  A  potentiometer 
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is  very  useful  for  making  similar  measurements  when  leads  are  long,  such  as  in  pipe  line 
measurements,  as  it  is  possible  to  cancel  out  the  resistance  of  the  leads  by  proper  use 
of  the  potentiometer  circuit. 

A  multi-combination  meter  has  been  developed  specifically  for  field  and  laboratory 
testing.  All  the  instruments  required  for  electrolysis  and  corrosion  investigations  and 
cathodic  protection  testing  have  been  combined  into  one  compact  instrument.  Two 
highly  sensitive  micro-ammeters  are  assembled  in  one  case,  with  various  switches  to 
cover  a  complete  range  of  potential  from  2  millivolts  to  100  volts,  and  current  ranges 
from  1  milliamp  to  20  amp.  It  provides  a  low-resistance  millivoltmeter,  a  high-resistance 
millivoltmeter  and  a  potentiometer  using  a  calibrated  galvanometer  with  seven  calibrated 
ranges.  These  meters  are  furnished  with  complete  wiring  diagrams  and  instructions  for 
their  operation. 

It  is  suggested  that  anyone  buying  equipment  for  making  cathodic  protection  tests 
should  experiment  in  an  earth-filled  box  moistened  slightly  with  water  to  increase  its 
conductivity.  By  use  of  such  a  box  proficiency  in  the  operation  of  the  meter  can  be 
developed,  and  first-hand  knowledge  of  galvanic  currents  between  various  metals  can 
be  obtained. 

In  addition  to  the  instruments  for  measuring  potential,  current  and  resistance  it  is 
necessary  to  have  a  copper  sulfate  or  other  type  electrode  as  a  reference  electrode.  The 
copper  sulfate  electrode  is  a  plastic  tube  in  which  a  copper  rod  is  immersed  in  copper 
sulfate  solution.  The  bottom  of  the  tube  is  closed  by  a  porous  plug  through  which 
contact  is  made  with  the  ground. 

D.  DESIGN  OF  CATHODIC  PROTECTION  SYSTEM  FOR  PIPE  LINES 

1.  Soil  Potentials 

A  survey  of  the  pipe-to-soil  potentials  should  be  made  using  a  high-resistance  volt- 
meter or  potentiometer  and  a  copper  sulfate  electrode.  The  negative  pole  of  the  volt- 
meter is  connected  to  an  exposed  point  on  the  pipe  line  and  the  positive  pole  to  the 
copper  sulfate  half-cell.  The  cell  should  be  placed  in  good  contact  with  moist  earth. 
Readings  are  then  taken  every  SO  ft,  extra  readings  being  taken  to  pinpoint  the  loca- 
tion of  the  lowest  potential.  A  No.  22  lead  wire  with  a  plastic  coating  may  be  used  to 
reach  several  hundred  feet  before  moving  the  instrument.  A  commercial  wire  reel  is 
available  for  handling  the  long  lead  wire.  A  lead  wire  from  the  reel  to  the  instrument 
allows  readings  to  be  taken  as  the  wire  is  unwound.  Clips  should  be  attached  to  the 
ends  of  the  lead  wires  for  easy  attachment  to  terminals. 

Current  flow  in  the  pipe  is  determined  by  measuring  the  potential  drop  along  a 
calibrated  length  of  pipe  as  shown  in  Fig.  2,  Note  2. 

The  above  tests  are  made  to  assure  that  no  unusual  condition  exists,  such  as  stray 
current  from  d-c  sources  or  particularly  low  pipe-to-soil  potentials. 

2.  Soil  Resistivity 

Soil-resistivity  tests  may  be  made  by  either  the  four-pin  method,  which  gives  an 
average  reading  to  a  specified  depth,  dependent  on  the  distance  between  pins,  or  by 
the  Collins  bar  method,  which  measures  resistivity  of  only  the  small  area  of  earth  at 
the  point  of  probe.  Use  of  the  four-pin  method  is  described  in  more  detail  under  Sec.  E. 

The  resistivity  tests  shows  two  things:  (1)  A  low  resistivity  permits  easy  flow 
of  corrosion  currents  and  may  indicate  a  corrosion -prone  environment;  (2)  low  resistiv- 
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ity  will  permit  easy  flow  of  cathodic  protection  current  which  might  be  applied,  giving 
greater  current  from  a  galvanic  anode  or  lower  power  requirements  from  a  rectifier  unit. 

A  high  resistivity  probably  means  less  worries  from  corrosion. 

Resistivities  will  generally  vary  from  500  ohm  centimeters  upward,  with  soils  below 
2500  being  classed  as  severely  corrosive. 

3.  Anode  Installation 

The  position  of  the  anode  in  a  vertical  hole  in  the  bottom  of  the  trench  is  pre- 
ferred, as  backfill  material  will  not  settle  away  from  the  anode  as  it  might  if  laid  in  a 
horizontal  position.  The  anode  also  has  a  better  chance  of  staying  in  moist  soil  when 
located  below  the  bottom  of  the  trench.  There  are  conditions,  such  as  rock  cuts,  that 
necessitate  laying  the  anode  in  a  horizontal  position  to  save  the  high  cost  of  extra 
excavation.  A  word  of  caution  with  regard  to  the  anode  lead  connection  to  the  pipe: 
the  surface  should  be  cleaned  to  bright  metal  for  the  thermite  weld.  Care  should  be 
tak«n  thoroughly  to  coat  the  weld  metal  to  prevent  setting  up  a  corrosion  cell  between 
the  weld  metal  and  the  steel  pipe.  Fig.  1  shows  a  typical  anode  installation.  Figs.  2  and 
2 A  show  wiring  connections  and  a  test  box  of  simple  homemade  design.  No  dimensions 
are  shown  for  the  size  of  the  hole  which  should  be  bored  for  installing  anodes,  as  it 
varies  with  the  size  of  the  anode.  A  hole  3  to  4  in  larger  in  diameter  than  the  anode 
should  suit  most  installations. 

E.  PRACTICAL  APPLICATION 

Bulletin  574,  Vol.  64,  November  1962,  gives  details  of  an  installation  of  cathodic 
protection  on  two  underground  diesel  fuel  oil  tanks  which  will  serve  as  a  guide  for 
those  wishing  to  design  cathodic  protection  systems  for  such  installations. 

1.  Four-Pin  Method 

The  four-pin  method  of  obtaining  soils  resistance  measurements  is  described  below 
in  a  practical  example: 

Pin  Spacing  Is  5  Ft  6  In 

£=1.86  V    7=2.30  milliamp 
Resistance  R  =  2aE/l 

Where  R  ==  resistivity  in  ohm  —  centimeters 

a ^=:  spacing  in  centimeters  c=:  spacing  in  feet  X  12  X  2.54 
E  =  measured  potential  between  two  inner  terminals 


I 

Calculation  R 


=  current  between  two  outer  terminals. 
_   (2  X  5.5  X  12  X  2.54)  X  1-86 


0.0023 
R  =  273,000  ohm-cm 

2.  Method  of  Calculating  Life  of  Anodes 

Magnesium  anodes  are  estimated  to  produce  600  amp  hr  per  lb  of  metal  consumed, 
hr  per  year  =:  8760 
amp  hr  per  lb  magnesium  =  600 

Therefore,§l^  =  14.6  lb  magnesium  required  to  generate  1  amp  of  current  for  a 
600 
period   of   one   year.   In   the   case   of   a   50-lb   magnesium   anode   generating  0.084   amp, 

the  life  of  anode  =    50  X  1  X  0-084   ^  40.3  years 
14.6 
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Experiments  with  various  types  of  backfill  material  around  the  buried  anodes 
were  conducted  to  determine  the  effectiveness  of  various  kinds  and  methods  of  installla- 
tion.  The  most  successful  backfill  was  a  wet  mixture  of  two  parts  bentonite  dry  powder, 
one  part  sodium  sulfate  anhydrous  and  one  part  gypsum.  These  materials  were  mixed 
into  a  thick  slurry  and  poured  around  the  anodes  suspended  in  the  hole.  This  type  of 
installation  requires  a  little  more  work  than  a  prepacked  anode  installation,  but  for 
applications  where  maximum  current  is  desired  from  an  anode,  the  wet  mix  gives  better 
results. 

It  is  recommended  that  soil  potential  readings  be  taken  with  a  copper  sulfate  elec- 
trode along  the  center  line  of  the  tank  after  the  anodes  hav  been  installed,  comparing 
these  readings  with  readings  taken  prior  to  installation  of  the  anodes.  Endeavor  to 
obtain  an  increase  of  0.3  v  on  well  coated  structures  and  0.10  v  increase  on  a  poorly 
coated  structure.  Other  authorities  recommend  that  a  minimum  potential  of  0.85  v  be 
obtained  between  the  tank  and  the  soil,  using  a  copper  sulfate  electrode.  Readings  of 
0.85  V  were  obtained  at  some  distance  away  from  the  tank. 

The  following  procedure  is  recommended  for  designing  a  cathodic  protection  system 
for  underground  tanks: 

a.  Determine  soil  resistance  by  the  four-pin,  soils-box,  or  other  suitable  method. 

b.  Read  tank-to-soil  potentials  every  5  ft  over  center  of  tank. 

c.  Select  an  anode  that  will  have  IS  years  of  life.  (Tables  are  available  from 
manufacturers  of  anodes  showing  current  output  and  life  expectancy  of  various 
types  and  sizes  of  anodes  in  soils  of  varying  resistances.) 

d.  Install  six  or  eight  anodes  per  tank,  depending  on  length  of  tank. 

e.  After  anodes  have  been  in  service  for  three  weeks  to  a  month  make  readings 
similar  to  those  shown  in  the  report  of  this  committee  in  Bulletin  574,  Vol.  64, 
1963,  page  148.  It  may  be  found  that  more  anodes  are  required.  Experience 
gained  with  each  installation  will  prove  beneficial  in  later  designs. 
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The  committee  has  endeavored  to  reduce  the  volume  of  material  in  this  report  for 
the  Manual.  Those  interested  in  more  detailed  information  on  the  subject  are  referred 
to  the  previously  published  reports  in  the  November  Bulletins  of  1957,  1959,  1961 
and  1963. 

Report  on  Assignment  5 

Methods  and   Materials  to  Be  Used  in  Car 
Cleaning  Facilities 

Collaborating  with  the  Mechanical  Division,  AAR 

R.   A.   Bardwell    (chairman,  subcommittee),  R.  C.  Archambeault,  J.  J.  Dwyer,  G.  F. 
Metzdorf,  P.  M.  Miller,  E.  R.  Schlaf,  E.  M.  Walters. 

This  is  a  preliminary  report,  offered  as  information,  outlining  the  various  aspects 
of  car  cleaning  related  to  the  responsibilities  of  this  committee,  i.e.,  the  water  supply 
to  the  nozzles  and  the  use  of  detergents  where  applicable.  The  report  presents  only 
general  descriptions  of  the  processes  and  materials  in  use;  future  reports  will  give  data 
of  a  more  specific  nature. 

Freight  Car  Cleaning 
A.  BOX  CARS 

Last  year  Committee  14  reported  information  on  One  Spot  Freight  Car  Cleaning 
Facilities,^  describing  three  railroad  operations.  All  operations  included  one  spot  where 
the  interior  washing  was  effected,  but  they  differed  in  other  details,  such  as  volumes 
and  pressures  of  water,  and  nozzle  equipment  used.  Further  experience  will  have  to  be 
gained  before  recommendations  covering  the  best  washing  operations  can  be  set  up. 
Such  recommendations  may  not  be  all-encompassing  because  of  the  variations  in  the 
commodities  causing  contamination. 

Below  are  listed,  by  types,  the  methods  which  have  been  reported. 

1.  Automatic  Operations 

a.  An  air-operated  telescopic  boom  with  a  multi-nozzle  oscillating  head  to  perform 
the  washing.  This  boom  can  be  rotated  to  service  two  tracks.  The  nozzles  furnish  200 
gpm  of  water  under  200  psi  and  operate  automatically  for  3  min  when  centered  in  car 
and  actuated. 


lAREA  Bulletin   S74,  November   1962,  pages   164-168. 

b.  An  air-motor-driven  rotating-jib  device  centered  to  give  coverage  of  floor,  walls 
and  roof  with  lSO-200  gpm  of  water  under  200  psi.  Air  pressure  of  85  psi  is  required. 

2.  Cold-Water  Manual  Operations 

a.  Water  is  supplied  at  600  psi  by  a  piston-type  73^ -hp  duplex  pump  through  2 -in 
E.H.  butt-welded  pipe  to  hydrants  on  an  80-ft  platform.  The  hydrants  consist  of  1-in 
E.H.  risers  terminating  in  lever-operated  valves  and  straight-through  quick  couplings. 
Washing  is  done  by  J^-in  spray-gun  nozzles  supplied  from  hydrants  by  50-ft  of  5^-in 
high-pressure  hose.  The  nozzles  discharge  6  to  8  gpm  through  ^-in  ceramic  or  stainless 
steel  disks  or  ^-in  fiat  spray  nozzle  tips.  This  low-volume,  high-pressure  water  satis- 
factorily cuts  and  flushes  off  caked  cement,  cottonseed  meal,  and  soybean  meal,  as  well 
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as  less  tenacious  dirt.  The  amount  of  water  is  185  gal  per  car  and  washing  is  done  in 
IS  min  by  one  man.  A  weak  iodine  complex  solution  is  sprayed  into  each  car  as  a 
deodorant  while  car  is  still  wet. 

b.  Water  from  city  main  through  a  600-psi  pump  is  adjusted  to  deliver  35  gpm 
at  210  psi  into  a  2-in  main  at  the  cleaning  track.  Connections  are  made  at  convenient 
intervals  and  ^~in  hose  is  equipped  with  J^-in  pipe  reduced  to  ji  in  at  the  nozzles. 
Flow  and  pressure  appear  adequate. 

c.  Water  pressure  is  approximately  100  psi.  The  hose  is  J4  ii^  to  1  in,  using  pipe 
nipples  swedged  to  %  in  for  nozzles.  For  cement  cars,  a  pump  with  a  spray  nozzle 
giving  6  gpm  at  400  psi  is  used. 

d.  Rinse  water  is  furnished  under  pump  pressure  of  60  psi  and  30-40  gpm  through 
1-in  hose,  with  flattened  pipe  for  a  nozzle. 

e.  A  mobile  system  is  used  by  one  road  which  has  effected  a  direct  labor  savings 
of  SO  percent.  This  is  a  truck-mounted  unit  which  includes,  besides  the  pressure  washer 
and  reservoir,  a  powered  vacuum-type  floor  sweeper  and  a  hydrauhc  packer  to  compact 
the  debris.  After  the  car  is  manually  cleaned  and  dusted  by  the  sweeper,  water  is  fur- 
nished to  two  nozzles  from  a  gasoline-engine-powered  pump.  The  nozzles  produce  a 
iS-in-wide  fan-shaped  spray,  and  with  500  psi  at  the  nozzle,  any  remaining  solid  material 
is  washed  and  flushed  from  the  car. 

f.  City  water  pressure,  40-60  psi,  furnishes  water  through  a  2-in  main  and  J^-i" 
or  1-in  hose  and  ^-in  nozzles.  This  is  felt  adequate  to  give  a  volume  of  water  great 
enough  to  loosen  any  material  behind  car  sidings,  flushing  debris  down  and  out. 

3.  Hot   Water   and  Steam-Detergent  Manual   Operations 

a.  A  steam  gun  with  water  mixing  injector  and  a  syphon  arrangement  for  optional 
addition  of  detergent  solution  is  being  used  in  some  cases.  The  pressure  is  ISO  psi  from 
these  portable,  gasoline-driven,  fuel-oil-fired  steam  generators.  They  can  be  set  to  pro- 
duce 10  gpm  of  water  at  180  F  through  ^-in  hose  and  nozzle.  Obscuring  of  vision  in 
box  cars  by  steam  condensate  has  been  an  objection  to  using  this  type  for  routine 
cleaning  in  colder  seasons. 

Although  the  water  quality  for  flushing  cars  is  not  critical,  the  water  for  continu- 
ous-coil generation  of  steam  should  be  either  presoftened  or  chemically  treated  to  prevent 
scaling  of  coils.  One  road  found  it  feasible  to  strap  a  rental  zeolite  unit  onto  this 
portable  steam  generator  with  the  make-up  water  only  piped  through  the  softener. 
Without  zeolite  treatment,  it  is  recommended  that  potassium  carbonate  briquette-type 
treatment  be  added  to  the  float  chamber  make-up  supply  in  these  units. 

b.  A  steam  syphon  gun,  which  pulls  a  steam-cleaning  detergent  solution  from  a 
barrel  or  other  container,  may  be  operated  where  heating  line  steam  pressure  is  avail- 
able. The  concentration  of  cleaning  solution  may  be  varied  from  1  to  4  oz  per  gal, 
depending  upon  the  type  soil  being  removed.  This  operation  with  a  steam  lift  gun, 
although  not  recommended  for  large-volume  flushing,  has  the  advantage  of  the  mechan- 
ical action  of  steam  and  solution  under  pressure,  the  melting  action  of  heat  on  oils, 
grease  and  other  deposits,  and  the  action  of  a  detergent  in  wetting,  penetrating  and 
emulsifying  the  deposits.  Removal  of  greases,  caked  hides,  and  other  adherent  con- 
taminants is  assisted  by  this  hot  detergent  mixture  even  though  small  in  volume. 

c.  A  caustic  detergent  solution,  pH  12.9,  has  been  found  convenient  for  manual 
scrubbing  of  adherent  contaminants.  One  road  reports  that  soda  ash  solution  is  successful 
for  removing  fishy  odors. 
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B.  TANK  CARS 

1.  Automatic  Operation 

Most  roads  do  not  have  production-line  cleaning  of  tank  cars,  this  work  being 
performed  either  by  the  lessee  or  the  tank  car  owner.  However,  some  roads  do,  and 
automatic  equipment  is  available  to  reduce  this  cleaning  cost.  One  such  unit  consists 
of  two  opposing  nozzles  mounted  on  the  end  of  a  long  tubular  frame  and  is  operated 
by  an  air-driven  motor  at  the  top  of  the  frame.  The  unit  is  lowered  by  crane  or  boom 
and  hoist  so  that  the  nozzles  extend  into  the  tank  and  is  clamped  on  the  dome.  Two  tanks 
with  heating  coils  and  high  pressure  pumps  are  connected  by  hose  to  piping  extending 
from  the  top  of  the  unit  to  the  nozzles.  These  sources  can  furnish  either  hot  detergent 
solution  or  hot  water  at  100  to  150  psi.  The  nozzles  are  first  furnished  the  detergent 
solution  and  move  together,  rotating  about  both  the  horizontal  and  vertical  axis, 
which  spirals  the  effluent  to  cover  every  surface  of  the  car.  Detergent  action  is  followed 
by  the  hot  rinsing  water  through  the  same  unit.  Removal  of  mineral  and  vegetable  oil 
contaminents,  such  as  petroleum,  asphalt,  and  edible  oil,  is  faciUtated  by  this  operation. 

2.  Manual  Operation 

A  number  of  roads  merely  pipe  a  small  steam  line  into  tank  cars  and  allow  the 
rinsing  action  of  the  condensate  to  remove  the  contaminant.  This  may  be  satisfactory  for 
light  oils,  but  for  cleaning  action  it  is  recommended  that  an  addition  of  SO  to  100  lb 
of  caustic-type  detergent  cleaner  be  put  in  the  car,  then  attach  steam  hose  and  allow 
the  car  to  fill  up  over  night  with  hot  condensate-detergent  solution.  Draining  and  flush- 
ing usually  accomplishes  the  cleaning  purpose.  Tank  cars  to  be  used  for  drinking  water 
are  sterilized  with  chlorine  before  returning  to  service  after  cleaning. 

C.  COVERED  HOPPERS 

A  high-pressure  cold-water  rinse,  such  as  the  process  described  under  Sec.  A,  Art.  2a 
or  similar,  should  be  the  desired  operation  for  cleaning  these  cars.  Some  cars  have 
special  coatings  and,  although  chemical  resistant,  care  should  be  taken  not  to  damage 
the  coating  by  any  chemical  or  mechanical  means  while  cleaning.  The  static  attraction 
of  particles  to  the  coating  sometimes  necessitates  additional  sweeping  or  use  of  vacuum. 

D.  OPEN  HOPPERS 

Although  cleaning  is  not  generally  applied  to  these  cars,  the  advent  of  "unit"  trains, 
which  require  automatic,  instantaneous  dumping,  may  make  it  more  necessary.  This 
will  be  to  remove  any  adherent  material  or  rust  scale  so  that  smooth  sliding  of  coal 
or  other  commodity  is  obtained.  High-pressure  cold  water  would  be  satisfactory  for 
this  purpose,  although  heavy  slabs  and  layers  of  rust  might  require  a  sand  blast.  An 
automatic  high-pressure  water  wash  at  the  time  of  dumping  is  a  method  used  by 
some  roads. 

E.  REFRIGERTOR  CARS 

The  hot-water  steam-generator  and  injector-type  system,  described  under  Sec.  A, 
Art.  3a  is  usually  used  for  this  purpose  to  furnish  180  F  minimum  water.  The  ice 
bunkers  are  also  rapidly  cleaned  with  this  pressurized  hot  water. 
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Passenger  Car  Cleaning 

A.  EXTERIORS 

The  washing  of  exterior  painted  surfaces  and  stainless  steel  on  passenger  cars  con- 
curs in  principle  with  the  exterior  cleaning  of  locomotives,  i.e.,  the  same  end  results  of 
clean,  unstreaked  surfaces  require  the  same  technique  in  application  and  rinsing.  An 
acid-type  cleaner,  containing  oxalic  acid,  sodium  acid  sulphate  and  synthetic  detergent, 
is  mostly  used  on  passenger  equipment,  as  these  surfaces  are  less  liable  to  accumulate 
grease  deposits  than  locomotives,  and  acid  readily  attacks  most  dirt  deposits.  Also,  the 
acid  cleaners  are  less  liable  to  react  with  tJie  hardness  salts  in  the  rinse  water  to  leave 
a  streaky  appearance,  especially  on  window  glass.  Where  mild  alkaHne  cleaning  solution 
is  used,  it  is  imperative  that  additions  of  such  material  as  bentonite  be  incorporated  in 
the  cleaner  to  aid  in  the  free  rinsing  of  loosened  dirt.  Also,  the  rinse  water  should  either 
be  low  in  hardness  or  be  properly  treated  so  that  hardness  salts  will  not  deposit  upon 
reaction  with  the  alkaline  cleaner.  An  addition  of  the  complexing  phosphates  to  the 
rinse  water  is  recommended  where  high  hardness  is  encountered.  A  de-ionized  water 
supply  has  been  used  successfully  for  the  final  rinse  of  window  glass  only.  This  would 
be  too  expensive  for  the  complete  rinsing  process. 

1.  Automatic  Operations 

Spray  risers  and  mechanical  brushing  is  the  most  commonly  used  automatic  system 
for  passenger  equipment.  Usually  a  prewetting  rinse  commences  this  operation,  as  the 
train  is  slowly  pushed  through  the  wash  rack.  This  is  followed  by  the  detergent  solution 
spray  misted  on  to  thoroughly  cover  all  areas.  Then,  three  sets  of  the  mechanically 
operated  brushes  are  set  in  place  with  spring  tension  to  brush  all  areas.  Lastly,  one  or 
two  high-pressure  rinsing  sprays  will  remove  the  loosened  dirt  and  cleaner.  A  cleaning 
solution  of  1^-2  oz  per  gal  of  the  acid  detergent  in  warm  water,  maximum  130  F,  is 
the  recommended  concentration.  Vats  as  large  as  feasible,  preferably  dual  units,  equipped 
with  mixers  and  thermo-regulating  valve  to  steam  coil,  are  required.  The  solution  is 
applied  either  through  ^-in  fog  or  vee-type  nozzles  in  the  spray  risers,  with  a  pump  to 
give  40  psi.  The  rinsing  loop,  or  loops,  supplied  at  minimum  of  250  psi,  have  more 
nozzles  which  are  ^  in.  in  size. 

2.  Manual  Operations 

Hand  scrubbing,  except  for  window  washing  in  freezing  weather,  is  very  seldom 
used.  When  necessary,  the  powdered  acid  cleaner,  dissolved  in  a  bucket  at  4-6  oz  per 
gal,  is  brushed  on,  followed  by  a  water  rinse  at  available  line  pressure.  Fountain  brushes 
may  also  serve  for  rinsing.  One  semi-automatic  practice  consists  of  mechanical  applica- 
tion of  cleaning  solution  through  spray  risers,  followed  by  wetting  with  water,  then 
scrubbing  and  rinsing  with  fountain  brushes.  Where  automatic  equipment  is  not  justified, 
such  practice  might  show  savings  over  the  bucket-and-brush  method. 

B.  INTERIORS 

The  interior  cleaning  of  pas.senger  cars  is  all  manual  with  the  exception  of  vacuum 
cleaning.  The  cleaning  operation  may  also  include  sanitizing  or  deodorizing  and  vermin 
control.  Routine  cleaning  of  painted  surfaces,  vinyl  floors,  and  stainless  steel  is  by  hand 
washing  with  mild  alkaline  cleaner  of  either  liquid  or  powdered  type  at  2  oz  per  gal 
of  water.  Additional  cleaners  necessary  for  the  interior  are  detergent  sanitizer  and  scour- 
ing cleanser  for  wash  rooms  and  toilets,  glass  cleaner  for  windows  and  mirrors,  upholstery 
and  rug  cleaner  for  shampoo  of  these  items,  plus  the  contact  and  residual  insecticides. 
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Locomotive  Cleaning 
A.  EXTERIORS 

Wherever  the  investment  is  economically  justified,  an  automatic  cleaner  and  pres- 
sure washer  is  recommended  for  exterior  painted  surfaces  as  well  as  for  trucks  and 
undercarriages.  The  labor  for  hand  application,  brushing,  steam  cleaning,  etc.,  in  a 
manual  operation  may  run  up  to  70-75  percent  of  the  total  cleaning  costs.  As  a  result, 
there  are  savings  up  to  $2  per  unit  to  be  effected  by  the  automatic  system. 

The  grime  and  soil  accumulating  on  diesel  locomotives  is  composed  of  many  types 
of  materials,  including  iron  and  its  oxides  from  brakeshoes  and  roadbed,  oily  matter 
from  engine  leaks,  dirt  from  the  roadbed,  and  resins  from  gear  lubrication  throw-out. 
The  iron  from  brake  shoes  is  magnetic,  making  its  dust  quite  tenacious,  as  is  the  oxidized 
gear  lubricant. 

Where  possible,  a  triple  combination  of  acid  and  alkaline  cleaners  with  compatible 
wetting  agents  is  the  preferred  method  of  removing  this  soil.  Although  there  are  vari- 
ances in  practices,  due  to  individual  soil  characteristics,  observations  have  shown  that 
such  soil  will  respond  to  the  application  of  acid  cleaners  followed  by  suitable  reaction 
time  and  then  neutralization  plus  additional  cleaning  by  an  alkaline  cleaner  and  finally 
rinsing  with  high-pressure  water. 

The  brush-type  car-washing  machines  are  prohibitive  for  locomotives,  because  of 
the  variance  in  their  size  and  shape,  so  spaced  spray  stands  to  furnish  cleaning  solu- 
tions, followed  by  a  high-pressure  spray  loop,  is  the  equipment  necessary.  A  pre-wetting 
water  wash,  as  with  passenger  equipment,  is  desirable  to  cool  the  metal  surfaces  during 
hot  weather,  in  addition  to  removing  some  surface  dirt.  Also,  the  pre-wetting  water 
will  block  entrance  of  the  acid  solution  from  any  crevice,  preventing  corrosive  action 
in  places  from  which  the  acid  solution  will  not  rinse. 

The  sequence  recommended  is  a  five-stage  spray  washer  design.  First,  the  acid 
cleaner  solution  is  applied  to  the  trucks,  tanks,  and  running  gear.  This  is  followed  by  a 
heavy-duty  alkaline  cleaner  solution  to  the  same  locations.  Next,  the  car  body  is  sprayed 
with  acid  cleaner  solution,  after  which  there  is  a  movement  of  ISO  ft  to  the  next  spray 
application  to  allow  reaction  time.  The  car  body  is  then  sprayed  with  a  mild  alkahne 
cleaner  solution  and,  finally,  both  bodies  and  running  gear  are  given  a  high-pressure 
rinse  with  water  containing  enough  complex  phosphate  to  permit  free  rinsing  without 
fixing  such  iron  and  calcium  as  might  be  left  on  the  surfaces. 

Such  an  operation  is  based  on  moving  the  locomotive  at  a  speed  of  approximately 
1  mph  to  allow  the  cleaner  a  minimum  of  1  min  reaction  time.  A  motor-driven  puller 
system  with  rabbit  may  be  used  to  move  the  locomotives  at  a  slower  speed  and  will 
reduce  the  overall  length  of  the  wash  stand.  Speeds  have  been  reported  of  45  ft  per 
min  with  a  l70-ft  track  space  and  of  11  ft  per  min  in  only  45  ft  of  washer  track  length. 
Such  systems  eliminate  the  difficulty  in  maintaining  the  desired  speed  by  locomotive 
operation. 

The  operation  of  the  wash  rack  should  be  such  that  it  is  only  necessary  to  press 
a  button  as  the  locomotive  consist  approaches  the  first  bank  of  sprays.  A  transistorized 
relay  set-up,  as  in  signal  circuits,  is  then  activated  by  the  locomotive  to  turn  on  the 
particular  solution  or  water  pump  involved  as  a  locomotive  unit  enters  each  section. 
When  the  last  unit  leaves  each  section,  the  pump  involved  shuts  down.  Provision  can 
be  made  for  manual  operation  of  pumps  when  desired. 

The  three  solution  vats  should  be  made  as  large  as  feasible  for  the  particular  situa- 
tion. The  heavy-duty  alkaline  truck  cleaner  vat  can  be  heated  by  means  of  a  thermo- 
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statically  controlled  steam  coil.  Vats  are  equipped  with  1-hp  heavy-duty  mixers.  Cen- 
trifugal pumps  are  used  throughout  and  nozzles  are  protected  by  means  of  fine  wire- 
mesh  strainers.  Liquid  concentrates  of  the  mild-alkaline  and  highly  alkaline  materials 
are  available  and  are  more  easily  proportioned  and  dissolved  than  the  powdered  types 
and  have  less  tendency  to  plug  the  nozzles.  Liquid  acid  cleaners  have  been  recently 
marketed  also.  Control  of  the  strength  of  the  solutions  in  the  vats  by  laboratory  sampling 
and  analysis  is  essential  to  economy  of  this  operation. 

In  cold  months,  because  of  freezing,  automatic  operation  may  not  be  feasible  and 
hand  cleaning  with  mild  alkaline  detergent,  brushing,  and  rinsing  is  necessary. 

B.  TRUCKS  AND  UNDERCARRIAGES 

If  automatic  washers  as  described  above  are  in  operation,  these  will  be  used  except 
during  cold  months.  In  cold  months  steam  cleaning  with  a  solution-lifting  gun  using  an 
alkaline-silicate  detergent  solution  is  recommended.  Similarly,  and  where  no  automatic 
washing  is  available,  steam-syphon-type  injectors  are  commonly  used  to  flush  trucks 
after  a  spray  application  of  the  concentrated  steam  detergent  cleaning  solution,  8  oz 
per  gal.  Where  no  steam  is  available,  it  is  feasible  to  clean  the  grease  from  trucks  by  a 
solvent  emulsion  cleaner  which  is  sprayed  on  after  dilution  with  fuel  oil.  Dilution  and 
application  are  conveniently  done  in  a  10-gal  portable  pressure  tank  equipped  with  a 
wand-type  spray  gun.  After  allowing  reaction  time,  a  water  rinse  will  emulsify  and 
flush  off  the  grease  and  soil. 


Report  on  Assignment  7 

Installation  and  Maintenance   of  Liquefied 
Petroleum  Gas  Facilities 

E.  R.  Schlaf  (chairman,  subcommittee),  H.  E.  Graham,  W.  E.  Billingsley,  T.  W.  Brown, 
C.  E.  DeGeer,  R.  S.  Glynn,  J.  H.  Langston,  T.  C.  Roberts,  C.  B.  Voitelle. 

SCOPE 

This  report  covers  the  safety  precautions  involved  in  the  installation,  operation, 
and  maintenance  of  liquefied  petroleum  gas  facilities,  from  tank  car  unloading  to  the 
low  pressure  reducing  valve  of  an  LP-Gas  system,  and  to  the  filling  of  portable  tanks 
at  the  container  filling  plant. 

PROPERTIES  AND  USES  OF  LIQUEFIED  PETROLEUM  GAS 

Liquefied  petroleum  gases,  commonly  referred  to  as  LP-Gas,  are  liquids  when 
under  pressure  which  vaporize  when  the  pressure  is  released.  They  are  stored  as  liquids 
and  used  as  gases.  They  have  a  high  heat  value  per  cubic  foot  and  are  widely  used  for 
domestic,  industrial  and  motor  fuel  purposes.  On  railroads  they  are  used  to  fuel  switch 
heaters,  coach  air  conditioners,  industrial  trucks,  weed  burners,  refrigerator  cars,  water 
beaters,  space  heaters,  ranges,  etc. 

When  in  the  gaseous  state,  LP-Gas  presents  a  hazard  comparable  to  any  flammable 
natural  or  manufactured  gas.  Since  it  is  heavier  than  air,  ventilation  requires  special 
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attention  even  though  natural  diffusion  takes  place.  In  the  liquid  condition,  the  hazard 
is  similar  to  that  of  a  highly  flammable  liquid  but  with  more  rapid  evaporation. 

The  gases  are  practically  odorless  as  produced,  and,  unless  the  product  is  to  be  used 
in  the  manufacture  of  certain  chemicals,  it  is  necessary  to  add  an  odorizing  agent  to 
facilitate  detection  of  escape  of  gas  by  smell. 

Liquefied  petroleum  gases  may  contain  propylene,  butylene  and  isobutane,  but  LP- 
Gas  generally  consists  mainly  of  propane  and  butane.  Fig.  1  lists  the  average  properties 
of  commercial  propane  and  butane.  It  will  be  noted  that  under  winter  conditions  butane 
would  not  evaporate  readily  without  the  use  of  a  vaporizer. 

POTENTIAL  HAZARDS 

When  LP-Gas  escapes,  it  may  collect  in  low  areas.  As  stated  in  Fig.  1,  1  lb  of 
propane  will  produce  approximately  8  cu  ft  of  gas  at  atmospheric  pressure,  or  about 
36  cu  ft  of  gas  per  gal.  Since  the  lower  flammable  limit  of  propane  is  2.2  percent,  it  can 
be  seen  that  only  1  gal  of  propane,  under  theoretically  ideal  conditions,  could  render 
explosive  approximately  1400  cu  ft  of  air.  Since  LP-Gas  is  heavier  than  air,  bottom 
ventilation  of  buildings  in  which  LP-Gas  is  handled,  is  essential.  Explosion  proof  (Class 
I,  Group  D)  motors,  motor  controls  and  lighting  are  required  in  vaporizer  houses 
(except  those  housing  direct-fired  vaporizers)  pump  houses  and  cylinder  filling  rooms 
or  other  similar  locations.  Vapor-proof  flashlights  should  be  used. 

There  is  a  hazard  from  the  refrigerating  effect  if  the  liquid  is  accidentally  sprayed 
on  the  skin  or  in  the  eyes. 

The  discharge  of  the  relief  valve  of  a  tank  of  2000  gal  capacity  or  more  is  equipped 
with  a  vent  stack  to  disperse  the  discharged  gas  at  a  safe  distance  from  the  tank.  These 
vent  stacks  are  fitted  with  rain  caps.  A  drain  pipe  equipped  with  an  excess  flow  valve 
also  prevents  an  accumulation  of  water  in  the  vent  pipe. 

When  LP-Gas  is  discharged  into  a  storage  tank,  care  must  be  used  to  prevent  over- 
filling, because  as  the  liquid  is  warmed  it  will  expand  to  the  point  where  it  may  dis- 
charge from  the  relief  valve.  The  amount  of  desired  outage  varies  with  the  specific  gas 
or  combination  of  gases,  the  temperature  of  the  liquid,  whether  the  tank  is  underground 
or  aboveground,  and  the  size  of  the  tank.  There  are  complicated  formulas  for  deter- 
mining the  necessary  outage;  however,  the  NFPA  (National  Fire  Protection  Association) 
has  published  simplified  outage  charts  for  the  liquids  generally  handled. 

The  average  vapor  pressure  of  commercial  propane  gas  is  200  psig  at  100  F.  Tests 
conducted  by  the  National  Bureau  of  Standards  have  shown  that  the  normal  maximum 
liquid  temperature  in  aboveground  storage  tanks  of  over  1200  gal  capacity  will  not 
exceed  100  F.  Therefore,  the  maximum  vapor  pressure  to  be  expected  is  200  psig.  To  this 
must  be  added  the  pumping  pressure  when  transferring  the  liquid. 

LOCATION  AND  DESIGN  OF  STORAGE  FACILITIES 

After  determining  the  fuel  requirements,  the  first  step  in  planning  an  LP-Gas 
installation  is  to  obtain  a  copy  of  the  latest  edition  of  NFPA  Standard  No.  58,  covering 
the  storage  and  handling  of  this  material.  It  may  be  obtained  from  the  National  Fire 
Protection  Association,  60  Batterymarch  Street,  Boston  10,  Mass.,  at  the  cost  of  75  cents 
per  copy. 

The  second  step  is  to  obtain  Bureau  of  Explosives  Circulars  17,  17B,  17C,  and 
17E.  They  may  be  obtained  from  the  Bureau  of  Explosives,  AAR,  63  Vesey  Street, 
New  York  7.  These  circulars  cover  track  clearances,  blue  flag  protection,  derail  protec- 
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tion,  warning  signs,  laying  of  pipe  lines  under  ground  on  railroad  property,  laying  of 
pipe  lines  under  tracks,  proper  illumination  at  car  unloading  points,  bonding  and 
grounding  of  tracks  serving  LP-Gas  installations  and  recommended  clearances  from 
wire  lines  when  metal  gaging  rods  are  used. 

After  receipt  and  understanding  of  these  two  pamphlets  the  third  step  in  planning 
an  LP-Gas  installation  is  to  survey  the  area  for  the  most  ideal  location.  It  should  con- 
stantly be  borne  in  mind  that  any  liberated  gas  can  flow  to  low  points.  The  contour 
of  the  ground  should  be  studied,  and  the  possibility  of  derailments,  particularly  those 
involving  passenger  trains  while  tank  cars  are  being  unloaded,  should  be  considered. 
Where  the  service  spur  can  be  placed  on  the  same  side  of  the  main  line  as  the  storage 
tanks,  this  eliminates  the  necessity  of  laying  LP-Gas  pipe  lines  under  tracks.  The  spur 
should  be  so  located  that  trucks  requiring  service  will  not  have  to  cross  the  main  line 
to  reach  the  main-traveled  through  highway.  A  sparsely  pyopulated  area  is  preferable. 
Some  railroad  confine  the  spur  track  to  petroleum  service  only,  or,  if  used  by  other 
industries,  the  end  of  the  spur,  adequately  protected  by  derail,  may  be  used  for  LP-Gas 
unloading.  Circular  17  requires  a  near-rail  to  near-rail  clearance  of  at  least  25  ft,  and  as 
much  more  as  is  practically  possible,  from  the  nearest  track  over  which  passenger  trains 
operate.  Some  railroads  require  100  to  200  ft  centers,  depending  on  tank  capacity,  from 
tracks  over  which  any  trains  are  operated. 

The  NFPA  standard  clearances  from  buildings  and  property  lines  are  shown  in 
Fig.  2. 

The  fourth  step  is  obtaining  the  approval  of  local  municipal  authorities  who  are 
sometimes  governed  by  the  recommendations  of  the  state  fire  marshal,  or  other  duly 
designated  state  official,  but  who  in  many  cases  are  more  strict  than  at  the  state  level. 
Even  if  there  is  no  real  authority,  most  states  require  approval  of  plans  by  the  state  fire 
marshal  prior  to  the  beginning  of  construction. 

After  the  necessary  approval  of  the  plans  is  secured,  construction  may  begin.  Strict 
adherence  to  the  plans  is  essential.  A  typical  industrial  installation  is  shown  in  Fig.  3. 

When  the  installation  has  been  completed  and  tested,  the  system  must  be  purged 
into  service  by  the  contractor  or  the  LP-Gas  supplier.  Purging  is  discussed  later  in 
this  report. 

OPERATION 
Spotting  the  Car 

When  a  tank  car  of  LP-Gas  is  spotted  for  unloading,  the  brakes  should  be  set, 
the  wheels  blocked,  and  the  derail  secured.  Flag  protection  and  proper  signs  should  be 
provided,  at  both  ends  if  required.  Before  these  signs  are  moved,  even  temporarily,  the 
tank  valve  must  be  closed,  and  the  hose  disconnected.  The  tank  car  should  be  bonded 
to  the  storage  tank  with  a  No.  4  AWG  copper  stranded  cable. 

Filling  Densities 

To  avoid  loss  of  liquid  from  the  relief  valve,  which  upon  release  would  flash  to  a 
vapor,  storage  tanks  must  never  be  filled  liquid-full,  because  of  the  relatively  large 
coefficient  of  thermal  expansion  of  LP-Gas.  Propane,  for  instance,  increases  17  percent 
in  volume  between  0  F  and  100  F.  "Filling  density"  is  defined  as  the  percent  ratio  of 
the  weight  of  the  gas  in  any  container  to  the  weight  of  water  the  container  will  hold 
at  60  F.  All  containers  should  be  filled  according  to  the  filling  density  tables  outlined 
in  NFPA  Standard  No.  58,  paragraph  B12.  Since  it  is  unlikely  that  the  temperature  of 
the  gas  in  the  storage  tank  and  the  gas  in  the  tank  car  will  be  axactly  60  F  at  the  time 
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of  transfer,  temperature-volume  corrections  must  be  made.  Charts  for  making  such 
corrections  for  liquefied  gases  of  various  specific  gravities  when  unh)aded  into  above- 
ground  or  underground  storage  tanks  of  various  sizes,  is  also  furnished  in  the  latest 
revision  of  the  standard. 

Tank  Car  Fittings  and  Connections 

Most  LP-Gas  tank  cars  have  no  bottom  outlets.  All  connections  are  made  through 
the  dome  cover  plate  on  the  top  of  the  car.  There  are  two  liquid  eduction  valves,  size  2 
in  or  larger,  through  one  or  both  of  which  LP-Gas  is  unloaded.  A  liquid  eduction  pipe 
extends  from  each  valve  to  the  bottom  of  the  tank  inside  the  car.  Steel  plugs  provided 
for  that  purpose  must  be  tightened  in  the  vapor  valve  outlets  except  when  the  car  is 
actually  being  unloaded. 

There  is  a  spring-loaded  resilient  seal  relief  valve  to  relieve  excessive  tank  pressure. 

There  is  a  gaging  device  to  determine  the  liquid  level  in  the  tank  car.  It  is  used 
as  follows: 

1.  After  putting  on  goggles  and  neoprene  or  leather  gloves,  carefully  remove  the 
protective  cover. 

2.  Push  down  on  the  gage  rod  so  that  the  gage  rod  lock  or  sliding  bar  can  slide 
back,  permitting  the  gage  rod  to  be  raised.  Caution:  never  lean  over  a  gage 
rod  as  the  gas  pressure  can  cause  the  gage  rod  to  come  up  with  considerable 
force.  If  the  gage  rod  sticks  and  cannot  be  raised  easily,  loosen  the  packing 
gland  slightly.  A  twisting  motion  on  the  gage  rod  is  usually  more  effective  than 
a  straight  pull.  Take  care  not  to  bend  the  gage  rod.  Never  use  a  pipe  wrench 
or  hammer  on  any  part  of  the  gaging  device. 

3.  Raise  the  gage  rod  carefully.  Slowly  open  the  valve  or  petcock  at  the  upper 
end  of  the  rod  to  avoid  slamming  the  excess  flow  valve  in  the  lower  end  of 
the  rod. 

4.  If  hquid  comes  out  of  the  gage  rod  vent  valve,  slowly  raise  the  gage  rod  until 
the  liquid  flow  changes  to  vapor. 

5.  With  the  gage  rod  valve  open  and  gas  flowing  from  it,  gradually  lower  the 
rod  until  the  gas  flow  changes  to  liquid. 

6.  Slowly  raise  the  rod  %.  in  at  a  time  until  gas  once  more  flows  from  the 
gage  rod. 

7.  Read  the  gage  rod  marking  opposite  the  top  surface  of  the  gage  pointer  and 
record  this  reading. 

8.  When  gaging  is  completed,  close  the  gage  rod  valve,  lower  the  gage  rod  to  its 
lowest  position,  and  reset  the  gage  rod  lock. 

9.  Be  sure  the  gage  cover  gasket  is  located  properly  and  carefully  replace  the 
gage  protective  cover. 

There  is  a  sample  valve,  also  called  the  bottom  drain  valve.  It  is  used  to  indicate 
when  the  car  is  empty  of  liquid.  Inside  the  car  a  small  diameter  pipe  extends  to  the 
very  bottom  of  the  car. 

There  is  a  thermometer  well  in  the  dome  which  is  an  open  tube  clo.sed  at  the  bottom 
end  which  extends  well  past  the  center  of  the  car.  It  will  accommodate  a  thermometer 
furnished  by  the  consignee.  Temperature  measurements  are  made  as  follows: 

1.  Remove  the  plugged  half-union  from  the  thermometer  well. 

2.  Lower  the  tank  car  thermometer  to  the  bottom  of  the  well  where  it  should 
be  covered  with  a  non-freezing  liquid  such  as  kerosene.  .About  one  pint  is 
required.  Xevcr  put   water  in   the  well. 
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3.  The    thermometer   must    remain   in    the   well   at   least    10  min   before   taking  a 
reading. 

4.  Raise   the   thermometer   quickly   and   read   it   at   once.   Do   not   raise   the   ther- 
mometer any  higher  than  necessary  to  read  it. 

5.  Always  recheck  this  reading. 

6.  When  temperature  readings  are  completed,  remove  the  thermometer  and  replace 
the  plugged  half-union  on  the  thermometer  well. 

7.  The  thermometer  must  be  tested  periodically  to  insure  its  accuracy. 

The  gage  rod,  sample  line,  both  liquid  eduction  lines  and  the  vapor  line  are  all 
equipped  with  excess  flow  valves  for  protection.  If,  at  any  time  during  the  unloading 
of  one  of  these  tank  cars,  any  of  these  excess  flow  valves  should  slam  shut,  they  can 
be  opened  by  closing  the  shut-off  valve  in  that  line  for  a  few  minutes.  It  will  make  an 
audible  click  when  it  comes  open.  Then  slowly  reopen  the  control  valve.  Liquid  eduction 
valves  must  be  fully  opened  or  fully  closed  at  all  times  or  the  excess  flow  valves  in 
these  lines  cannot  function  properly.  Do  not  use  these  valves  for  controlHng  flow  rate. 

Checking  Car  Contents 

While  checking  the  outage  (liquid  level  and  temperature)  smell  the  escaping  gas 
to  confirm  that  it  is  odorized.  Unodorized  LP-Gas  may  be  shipped  under  certain  cir- 
cumstances, such  as  if  the  product  is  to  be  used  in  the  manufacture  of  certain  chemicals. 
If  the  gas  is  not  odorized,  do  not  unload  it. 

After  determining  the  liquid  level  and  temperature,  refer  to  the  proper  outage  table, 
obtainable  from  your  supplier,  to  be  used  for  that  particular  car.  The  gross  capacity 
of  the  car  is  shown  on  the  car  and  in  the  outage  table.  By  subtracting  the  outage  from 
the  gross  capacity  of  the  car,  the  "gross  gallons"  is  obtained. 

To  find  the  equivalent  net  gallons  at  60  F,  the  gross  gallons  must  be  multiplied  by 
a  correction  factor  for  the  specific  gravity  of  that  particular  shipment,  which  is  shown 
on  the  bill  of  lading.  If  the  temperature  of  the  liquid  is  greater  than  60  F,  the  factor 
is  less  than  one,  and  if  it  is  less  than  60  F,  the  factor  is  greater  than  one.  The  gross 
gallons  multiplied  by  the  correction  factor  equals  the  net  gallons  at  60  F  and  this  figure 
should  closely  approximate  the  net  gallons  shown  on  the  notice  of  shipment.  In  the 
event  of  a  major  shortage,  do  not  unload  the  car.  Notify  the  shipper  immediately. 

The  car  should  not  be  unloaded  into  the  storage  tank  unless  there  is  sufficient  room 
to  accept  the  entire  car  contents.  The  procedure  for  determining  the  necessary  outage 
is  similar  to  that  for  tank  cars.  It  is  most  important  that  the  proper  outage  be  main- 
tained to  prevent  possible  liquid  discharge  from  the  relief  valve.  It  is  sound  practice  to 
limit  the  contents  of  any  storage  tank  having  a  capacity  of  1200  gal  or  less  to  80  percent 
of  its  capacity,  based  on  a  temperature  of  60  F. 

Unloading  the  Tank  Car 

Unloading  may  be  accomplished  by  the  compressor  method  and  the  pump  method. 

The  compressor  creates  a  pressure  differential  between  the  storage  tank  and  the  tank 
car  by  withdrawing  vapors  from  the  storage  tank  and  forcing  them  into  the  vapor 
space  of  the  tank  car.  Oil-lubricated  gas  compressors  should  be  equipped  with  an  oil- 
mist  extractor  on  the  compressor  discharge  to  minimize  fuel  contamination. 
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For  proper  unloading,  the  tank  car  pressure  should  be  somewhere  between  five  and 
ten  psig  above  the  storage  tank  pressure,  depending  upon  the  distance  between  the  tank 
car  and  the  storage  tank,  and  the  design  of  the  piping  sj'stem.  If  the  pressure  differen- 
tial is  too  low,  unloading  will  be  slow.  If  it  is  too  high,  the  excess  flow  vahes  in  the 
liquid  eduction  lines  may  close  and  unloading  will  stop.  Normally,  the  unloading  rate 
should  be  about  2500  to  3000  gal  per  hr. 

Unloading  by  the  compressor  method  is  accomplished  as  follows: 

1.  Carefully  remove  the  plugs  in  the  liquid  eduction  valves  and  in  the  vapor 
valve  in  the  tank  car. 

2.  Connect  the  liquid  hoses  to  the  tank  car  eduction  valves. 

3.  Connect  the  vapor  hose  to  the  vapor  valve. 

4.  Open  both  liquid  eduction  valves  slowly  but  completely.  Then  open  all  other 
valves  in  the  liquid  line,  working  from  the  tank  car  to  the  storage  tank. 

5.  Open  the  storage  tank  filling  valve  slowly  to  prevent  possible  closure  of  the 
excess  flow  valve. 

6.  If  the  tank  car  pressure  is  higher  than  that  of  the  storage  tank,  do  nol  o|)cn 
the  v'alves  in  the  v^apor  line,  or  operate  the  compressor. 

7.  When  the  rate  of  flow  drops  to  an  unsatisfactory  rate  with  the  storage  tank 
filling  valve  wide  open,  open  the  vapor  valves  between  the  tank  car  and  the 
storage  tank. 

8.  Make  sure  the  compressor  four-way  plug  cock  is  in  the  position  that  allows 
the  compressor  to  draw  vapor  from  the  storage  tank  and  force  it  into  the 
tank  car.  Then  start  the  compressor. 

9.  A  flow  of  gas  instead  of  liquid  through  the  sight-flow  glass  in  the  unloading 
line  indicates  that  the  car  is  empty.  Confirm  this  by  opening  the  sample  valve 
on  the  tank  car. 

10.  Close  the  valves  in  the  liquid  line  starting  at  the  storage  tank  and  working 
to  the  tank  car. 

11.  If  you  now  desire  to  remove  the  vapors  from  the  tank  car,  reverse  the  four- 
way  plug  cock  at  the  compressor  so  that  the  compressor  will  draw  vapor  from 
the  tank  car  and  force  it  to  the  storage  tank. 

12.  When  the  tank  car  pressure  is  reduced  to  25  psig,  stop  the  compressor  and 
close  all  valves  in  the  vapor  line. 

13.  After  bleeding  off  the  pressure  in  the  hoses,  disconnect  both  the  liquid  and 
the  vapor  hose  assemblies. 

14.  Replace  all  plugs  in  the  tank  car  valves  and  unloading  fittings. 

15.  Lock  the  dome  cover. 

16.  Reverse  the  placards  on  the  tank  car  to  indicate  the  car  is  empty. 

17.  Remove  the  blue  flag  protection. 

18.  Remove  the  blocking  from  the  wheels. 

19.  Notify  proper  authorities  that  the  car  is  empty. 

Unloading  by  the  liquid  pump  method  does  not  permit  removal  of  any  of  the  vapors 
from  the  car.  For  this  and  other  reasons,  the  compressor  is  almost  always  used.  The 
basic  procedure  is  the  same  as  that  followed  when  using  the  compressor,  except  that 
the  pump  is  connected  in  the  liquid  line  from  the  tank  car  to  the  storage  tank.  The 
vapor  line  between  the  tank  car  and  the  storage  tank  must  be  large  enough  that  the 
tank  car  pressure  never  drops  appreciably  below  that  of  the  storage  tank.  Otherwise 
the  pump  may  vapor  lock  and  unloading  will  be  difficult,  if  not   ini|>o.ssible. 
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If,  at  the  start  of  the  unloading,  the  tank  car  pressure  is  above  the  storage  tank 
pressure,  do  not  open  the  valves  in  the  vapor  line.  Open  the  vapor  valves  only  when 
the  storage  tank  pressure  is  equal  to  the  tank  car  pressure. 

CARE  &  MAINTENANCE  OF  EQUIPMENT 

Compressors 

The  heart  of  the  valve  type  compressor  is  the  suction  and  discharge  valves.  The 
best  check  of  the  valves  is  the  performance  of  the  compressor.  If  the  pressure  will  not 
build  up,  the  valves  probably  need  attention.  If  new  piston  rings  must  be  installed, 
they  should  be  allowed  to  run  in  for  several  hours  before  the  proper  sealing  effect  can 
be  expected. 

The  oil  level  should  be  checked  before  unloading  a  car,  and  at  least  once  more 
during  the  operation.  The  manufacturers  recommendations  as  to  frequency  of  oil  change 
and  type  of  oil  to  be  used  should  be  followed  closely. 

Frequent  tightening  of  all  assembly  nuts  is  desirable,  particularly  those  which  pull 
two  surfaces  together  upon  a  gasket.  If  gaskets  require  renewal,  factory  parts  should  be 
used,  if  at  all  possible. 

The  function  of  the  seal  assembly  is  to  seal  off  the  part  of  the  crankshaft  from  the 
atmosphere,  where  the  crankshaft  extends  through  for  power  transmission.  Its  efficiency 
may  be  dangerously  impaired  due  to  improper  lubrication,  or  if  foreign  matter  works 
in  between  the  two  seal  surfaces.  In  cases  the  seal  cannot  be  relapped  locally,  it  would 
be  well  to  replace  it,  returning  the  old  seal  to  the  factory  for  relapping. 

Most  LP-Gas  compressors  are  mounted  directly  on  top  of  a  surge  tank  and  con- 
nected to  its  intake  side.  It  serves  to  maintain  an  even  suction,  thus  eliminating  slam- 
ming of  the  excess  flow  valves  due  to  sudden  impulses.  It  also  serves  as  a  trap  for  any 
LP-Gas  in  liquefied  form  from  passing  into  the  compressor  and  doing  serious  damage 
to  it.  The  surge  tank  should  always  be  drained  before  starting  the  unit,  piping  the 
drainage  out  and  away  from  the  pump  house.  The  drain  line  should  be  laid  in  such  a 
way  that  water  cannot  condense  in  it  and  later  freeze  the  pipe  solid. 

Proper  belt  tension  is  important.  Matched  V  belts  are  recommended.  If  a  V  belt 
squeals,  it  is  too  loose  or  out  of  alinement.  "Fiddle-string-tight"  belts  put  an  unnecessary 
strain  on  the  motor  and  compressor  bearings.  Never  attempt  to  adjust  belt  tension 
while  the  motor  is  running.  Never  put  dressing  on  a  V-belt,  because  if  it  contains  a 
resin,  static  electricity  may  be  generated,  and  discharge  in  the  form  of  a  spark. 

Liquid  Pumps 

As  with  compressors,  the  heart  of  the  liquid  piston  pump  is  the  valve  system.  Piston 
rings  may  break,  although  this  difficulty  is  rarely  encountered.  The  manufacturer's  rec- 
ommendation regarding  piston  packing  and  lubrication  should  be  followed. 

One  cause  of  the  failure  of  any  type  of  positive-displacement  type  pump  to  deliver 
liquid  is  "vapor  lock."  This  may  result  from  excessive  pump  speed.  Starting  and  stopping 
the  pump  at  IS  sec  intervals  may  eliminate  the  condition.  Other  causes  of  vapor  lock 
are  inadequate-size  suction  piping,  a  temporary  obstruction  in  the  piping,  or  both.  Never 
attempt  to  bleed  entrapped  gases  by  loosening  fittings.  The  fitting  may  break  or  "let  go" 
and  a  serious  injury  might  result. 

A  rotary  pump  requires  close  tolerances  and  accurate  alinement  to  function  effi- 
ciently. Only  skilled  mechanics  may  be  expected  to  repair  gear  pumps  properly.  Always 
use   the   manufacturer's   gaskets   and   replacement   parts.   It  is   sometimes   advantageous 
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to   exchange   pumping   units,   returning   the    punij)   to    thr    faitory    for   overhaul.    Kolar> 
pumps  should  never  be  run  dry. 

Internal  rust,  caused  by  the  presence  of  moisture  in  LP-Gas,  can  damage  iron 
pumps.  It  is,  therefore,  a  good  plan  to  operate  the  pump  a  few  minutes  each  day  to 
dislodge  such  accumulation.  .Approved  strainers  on  the  suction  side  of  the  pump  are 
recommended. 

GAGING  DEVICES 

There  are  six  main  types  of  liquid-level  gages,  but  the  three  most  generally  used 
are:  fixed  liquid  level,  rotary  liquid  level,  and  slip  tube.  The  rotary  liquid-level  gage 
consists  of  a  curved  metal  tube,  located  on  the  tank  interior,  which  may  be  rotated  by 
means  of  a  pointer-handle  on  the  outside  of  the  tank.  A  bleeder  valve  is  opened  and 
the  handle  moved  to  detect  the  liquid  surface  within  the  tank.  The  slip  tube  gage  is  used 
extensively  on  storage  tanks  and  universally  on  tank  cars. 

PERIODIC   TESTING   OF   STORAGE  TANKS  AND   RELIEF   VALVES 

The  NFPA  does  not  require  periodic  hydrostatic  testing  of  storage  tanks.  Factory 
Mutual  recommends  an  external  inspection  annually,  and  an  internal  inspection  by  a 
pressure  vessel  inspector  every  10  years.  One  railroad  requires  a  five-year  visual  inspec- 
tion of  the  exterior  surfaces  of  underground  LP-Gas  storage  tanks  if  owned  by  an 
industry  located  on  railroad  property.  The  inspection  may  be  waived  if  a  test  plate 
buried  adjacent  to  the  tank  shows  no  appreciable  corrosion  on  inspection. 

The  NFPA  does  not  require  the  hydrostatic  testing  of  relief  valves  on  storage 
tanks  but  suggests  a  5-year  test  for  tanks  of  2000  gal  water  capacity  and  over.  When 
the  valve  is  of  the  type  requiring  removal,  the  tank  must  lirst  be  emptied.  When  the 
type  of  valve  permits,  testing  may  be  accomplished  by  an  external  lifting  device  equipped 
with  an  indicator  to  show  the  pressure  equivalent  at  which  it  opens.  Factory  Mutual 
recommends  that  a  five-year  test  of  relief  valves  should  be  made  by  the  system  installer 
or  the  LP-Gas  supplier.  Some  relief  valve  systems  are  equipped  with  multiport  valves 
installed  under  two  or  more  safety-relief  valves.  By  shifting  the  position  of  the  multiport 
valve,  one  relief  valve  at  a  time  may  be  removed,  tested,  and  replaced. 

GASKETS  AND  THREAD  COMPOUNDS 

Pamphlet  No.  58  of  the  NFPA  outlines  the  various  types  and  weights  of  pipe,  and 
the  various  types  of  pipe  connections  permissible  in  LP-Gas  installations.  Manhead 
gaskets,  relief  valve  gaskets  and  pipe  flange  gaskets  within  20  ft  of  the  tank  should  be 
of  the  dead-soft  aluminum  0-ring  type  or  preferably  the  spiral  stainless  steel  asbestos- 
filled  type,  according  to  Factory  Mutual.  The  aluminum  gasket  should  not  be  used  on 
bottom  tank  connections  because  electrolysis  may  result  if  water  should  colled  at  that 
point.  New  gaskets  should  be  on  hand  before  any  flanged  joint  is  disa.ssembled.  Used 
gaskets  should  be  destroyed. 

Proprietary  thread  compounds  for  LP-Gas  are  preferable  to  litharge-glycerine  mix- 
tures which  are  combined  immediately  prior  to  use.  Some  sources  state  that  if  C.P. 
anhydrous  glycerine  is  combined  with  pure  yellow  litharge,  excellent  results  are  obtained. 
The  presence  of  water  in  the  glycerine  lessens  the  effectiveness  of  the  joint  comjwund. 

Some  pipe  fitters  prefer  to  apply  compound  to  the  female  thread,  apparently  with 
the   thought   in   mind   that   the  excess  compound   will   form  a  sort   of  gasket   which   will 
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bi-  loiccd  l)ack  into  the  joint  when  intoinai  pressure  is  applied.  The  overall  benefits 
are  negative,  because  eventually  the  excess  material  falls  away  and  may  foul  a  valve 
seat  or  an  orifice.  Compound  should  be  applied  only  to  the  male  end  of  the  pipe,  and 
then  only  sparingly.  Applying  compound  to  imperfect  ground  joint  surfaces  of  a  union 
is  not  recommended  as  this  is  a  temporary  measure  at  best  and  will  eventually  require 
replacement  of  the  fitting. 

PAINTING 

Underground  pipes  and  tanks  should  be  protected  from  corrosion  by  a  suitable 
bituminous  coating  or  any  coating  system  that  previously  has  proved  effective  in  the 
area.  Cathodic  protection  is  recommended  under  adverse  soil  conditions.  Manhole  and 
relief  valve  studs  should  be  coated  with  an  inhibited  grease  coating  before  applying  nuts. 
Above-ground  tanks  should  be  primed  with  two  coats  of  any  good  metal  primer.  The 
finish  coat  should  be  of  a  light-refiective  type.  There  are  several  excellent  proprietary 
products  available. 

PURGING  LARGE  STORAGE  TANKS 

As  stated  previously  in  this  report,  the  flammable  range  of  LP-Gas  is  roughly 
between  2  and  10  percent.  When  an  LP-Gas  storage  tank  is  emptied  and  opened,  the 
gas  is  too  rich  to  burn.  If  ventilation  with  air  is  used  to  purge  the  tank  of  vapors,  it  is 
necessary  to  pass  through  the  flammage  range.  During  this  period,  any  ignition  source 
could  cause  a  violent  explosion.  Similarly,  during  the  purging-in  operation,  explosive 
mixtures  would  be  formed. 

Modern  purging  practice  consists  of  interposing  an  inert  substance  between  tJiese 
two.  For  example,  when  taking  a  tank  out  of  service  for  inspection  or  repair,  the  com- 
bustible gas  content  is  first  replaced  by  an  inert  gas  or  liquid;  then  this  inert  material 
is  replaced  by  air.  The  process  is  reversed  for  purging  back  into  service.  The  gases  most 
commonly  used  are  CO2,  nitrogen,  and  mixtures  of  these  by  carefully  controlled  com- 
bustion of  fuel  gases,  oil,  gasoline,  etc.  Steam  and  water  are  also  used  as  intervening 
media  in  purging. 

There  are  two  distinct  actions  in  purging:  displacement  and  dilution.  If  it  were 
possible  to  displace  LP-Gas  vapors  with  an  equal  volume  of  inert  gas,  the  task  would 
be  simple.  However,  dilution  takes  place  and  the  task  is  made  more  complex.  It  may 
be  that  four  or  five  times  as  much  inerting  gas  is  required  becau.se  of  dilution.  Some 
of  the  factors  affecting  dilution  are: 

1.  A  large  area  of  contact. 

2.  A  long  time  of  contact. 

3.  Agitation  from  high  velocity  input. 

4.  Variations  in  the  specific  gravities  of  the  gases. 

5.  Temperatures   of   the   gases  causing  convection   and  affecting  specific  gravities. 

The  person  entrusted  with  the  responsibility  of  directing  a  purging  operation  should 
have  had  previous  experience  and  should  be  technically  competent.  To  acquire  such 
experience  and  competence  he  should  attend  purging  operations  which  are  under  the 
supervision  of  competent  directors  of  other  companies.  The  LP-Gas  system  installer  or 
the  gas  supplier  can  furnish  information  on  such  activities.  The  American  Gas  Association 
has  published  an  excellent  book  "Purging  Principles  and  Practice"  which  ought  to  be 
required    reading   for   anyone   charged   with    the    responsibility   of   purging   an   LP-Gas 


Water,   Oil   and   Sanitation   Services 235 

storage  tank.  If  clean  water  is  available,  and  later  maj'  be  disposed  of  in  a  fouled  con- 
dition, and  if  freezing  is  not  a  problem,  the  use  of  water  as  a  displacing  medium  is 
recommended. 

The  tank  should  be  emptied  of  LP-Gas  liquid,  and  the  vapors  pumped  down  to 
approximately  15  psig.  The  LP-Gas  vapors  may  then  be  exhausted  through  a  water  .se;il 
located  at  the  end  of  a  vent  pipe,  the  outlet  of  which  is  at  least  50  ft  from  the  tank, 
and  burned.  An  attendant  should  stand  by  to  reignite  the  gas  if  it  is  extinguished.  A 
suitable  water  seal  consists  of  a  50-gal  open-top  drum  of  water,  in  which  the  vent  pipe 
is  immersed.  The  vent  pipe  should  be  installed  according  to  code.  The  storage  tank 
should  be  vented  to  approximately  0  psig. 

If  venting  the  gas  to  the  atmosphere  is  the  only  resort,  a  windy  day  or  a  bright 
summer  day  with  a  clear  sky  and  with  the  ground  temperature  greater  than  the  air 
temperature  is  desirable.  A  dismal,  foggy,  still  day  may  permit  settling  of  the  heavy 
gas  along  the  ground.  An  air  aspirator  will  aid  air  dispersal  and  prevent  settling.  The 
outlet  of  such  a  vent  should  be  not  less  than  8  ft  above  the  apparatus,  and  not  near 
a  door  or  window. 

The  tank  should  then  be  physically  disconnected  from  all  piping.  Flanged  connec- 
tions should  be  sprung  open  and  blanked.  The  water  supply  should  be  connected  to  the 
inlet  liquid  line  of  the  tank.  One  safety  valve  is  then  removed  and  the  vent  stack 
replaced.  If  desired,  a  vent  pipe  may  be  run  to  a  50-gal  water  seal. 

An  appropriate  connection  to  the  bottom  outlet  is  then  made  so  that  the  water  can 
be  quickly  drained  after  inerting. 

Sodium  metasihcate  is  an  effective  detergent.  It  will  tend  to  loosen  and  dissolve  oils 
clinging  to  the  tank  wall.  The  water  should  be  permitted  completely  to  fill  the  tank 
and  overflow  as  long  as  there  is  evidence  of  oily  discharge. 

At  this  point  the  manhead  cover  may  be  removed  and  the  drain  valve  opened. 
A  combustible  gas  detector  should  be  inserted  in  the  air  space  above  the  water.  If  dan- 
gerous amounts  of  LP-Gas  are  found,  the  tank  should  be  refilled  with  water  imme- 
diately. Increasing  the  water  temperature  to  160  F  with  steam  is  advisable  in  this  case 
as  it  will  assist  the  detergent  in  removing  oil  deposits  which  are  saturated  with  LP-Gas. 

Steam  alone  is  beneficial  in  removing  the  odorant  material  and  oil  deposits  on  the 
tank  walls.  Flammable  vapors  will  be  generated  and  the  hot-wire  type  of  combustible 
gas  indicator  should  not  be  used  until  the  steam  has  condensed.  The  Orsat  analyzer 
may  be  used  in  this  instance. 

The  use  of  non-sparking  tools  is  recommended.  Employees  carrying  matches, 
lighters,  etc.,  should  be  barred  from  the  area.  Smoking  is  forbidden. 

If  the  tank  is  to  be  repaired  and  any  heat  source  causes  the  temperature  to  rise, 
there  is  always  a  possibility  that  flammable  vapors  will  be  generated  from  lichl  fractions 
of  oils. 

When  the  tank  is  ready  to  be  purged  into  service,  it  must  be  wiped  dry  of  water. 
Clean  rags,  free  of  metal,  should  be  used.  The  tank  is  sealed  and  liquid  (not  gaseous) 
CO2  is  introduced  into  the  bottom  of  the  tank  at  the  rate  of  seven  50-lb  cylinders  of 
CO2  for  one  30,000-gal  tank.  (A  simplified  method  of  purging  a  lank  into  service  is 
shown  in  Fig.  4.)  A  suitable  liquid  CO-  injector  can  be  made  (see  Fig.  S)  which  will 
homogenize  the  COj  and  the  air.  The  addition  of  the  gas  at  the  above  rate  will  increase 
the  tank  pressure  between  20  and  24  in  of  mercury,  depending  on  the  temperature. 
Propane    gas    introduced    into    this    atmosphere    cannot    generate    an    explosive    mixture. 

To  be  certain  that  the  COj  is  present  in  the  calculated  quantity,  the  Orsat  analyzer 
should  be  used  to  check  it.  If  it  is  43  percent  or  greater,  all  piping  is  restored,  the  lank 
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piTssurc  is^  then  ri'duci'd  to  a  lew  inclu's  watir  lolunin  owr  atmospheric,  and  LP-Gas 
in  vapor  form  is  added.  The  vapor  valve  is  then  closed  and  the  propane  fias-COj  mix- 
ture is  exhausted  through  the  water  seal.  This  procedure  is  repeated  until  the  CO-  con- 
tent is  5  percent  or  less.  The  storage  lank  is  then  ready  to  receive  LP-Gas  in 
liquid  form. 

Testing  the  lank  for  leaks  while  in  the  purged  stale  may  be  accomplished  by  com- 
pressed air  if  desired.  Some  leaks  are  not  detectable  with  water. 

After  purging  a  tank,  similar  problems  with  piping  or  vaporizers  are  relatively 
simple  but    no   less  important.  Steam  and  a   CO-  fire  extinguisher  are  helpful. 

BULK  PLANT  BOTTLE  CHARGING 

When  the  operator  comes  to  work,  the  first  thing  he  should  do  is  air  out  his  charg- 
ing room.  Some  LP-Gas  suppliers  use  more  odorant  than  others,  so  the  odor  level  is  not 
a  good  criterion  of  the  gas  concentration. 

The  next  step  is  to  balance  the  scales.  Dirt  on  the  platform  will  result  in  under- 
filling, but  the  more  hazardous  condition  exists  when  the  scale  under-reads,  thus  per- 
mitting over-fill  of  LP-Gas  cylinders.  Should  sufficient  over-fill  occur,  the  cylinder  will 
"go  hydrostatic."  If  the  relief  valve  fails  to  open,  the  cylinder  will  rupture. 

Each  ICC  cylinder  will  be  identified  by  the  manufacturer's  name  or  symbol,  the 
ICC  type  and  service  pressure,  the  owner's  name  or  symbol,  serial  number,  date  of 
manufacture,  retest  dates,  and  the  water  capacity  of  the  cylinder  in  pounds,  and  the 
tare  weight  of  the  cylinder. 

Before  filling  the  cylinder,  it  should  be  inspected  for  sharp  dents,  cuts  or  gashes, 
loose  or  badly  damaged  footring,  severe  rust  or  corrosion  and  previous  test  date.  If 
defects  are  noted,  the  cylinder  should  not  be  filled.  Periodic  relests  are  required  by  the 
ICC.  Procedures  are  outlined  in  its  publications. 

Fire-damaged  cylinders  should  be  given  close  inspection.  Common  evidences  are: 
charring  or  burning  of  the  paint  or  other  coating,  burning  or  sintering  of  the  metal, 
distortion  of  the  cylinder,  melted-out  fuse  plugs  and  burning  or  melting  of  the  valve. 
If  the  cylinder  has  only  been  dirtied  by  smoke,  the  ICC  rule  of  heat  treatment  and 
retesting  does   not   apply. 

If  the  cylinder  requires  purging,  it  may  be  filled  with  LP-Gas  to  the  extent  of  2 
percent  of  its  net  weight,  and  permitting  the  vapor  to  escape  to  atmosphere  at  a  safe 
distance.  Repeat. 

The  scale  should  be  set  at  a  figure  corresponding  to  the  tare  weight  of  the  cylinder, 
plus  the  permissible  weight  in  pounds  of  LP-Gas  for  that  container.  The  latter  figure  is 
obtained  by  multiplying  the  cylinder  water  capacity,  expressed  in  pounds,  by  the  approx- 
imate filling  density  factor  which  varies  with  the  specific  gravity  of  LP-Gas  used. 
Allowance  for  the  ''drag"  of  the  filling  hose  is  sometimes  offset  by  counterweights  or 
light  springs.  A  good  way  to  make  sure  the  cylinder  is  properly  loaded  is  to  check- 
weigh  it  after  disconnecting  the  filling  hose. 

If  it  is  desired  to  drain  a  cylinder,  a  well  equipped  plant  will  have  a  drain  line 
for  this  purpose,  connected  to  the  intake  side  of  the  pump.  The  cylinder  is  inverted 
while  being  pumped  out.  While  inverting  the  cylinder  with  a  chain  hoist  and  before 
connecting  it,  the  cylinder  valve  protection  cap  must  be  in  place  as  a  safety  precaution. 

A  common  complaint  with  bottling  plants  is  that  cylinder  valves  are  closed  too 
tight.  They  need  not  be  any  more  than  reasonably  hand  tight.  In  non-freezing  weather, 
a  soap-and-water  bubble  test  should  be  made  across  the  cylinder  valve  opening,  around 
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the  cylinder  valve  threads  and  at  the  valve  safety  relief  opening  before  screwing  the 
cylinder  cap  in  place,  which  should  be  very  lightJy  lubricated  before  application.  Cylinder 
caps  should  always  be  in  place  if  provided  for  by  design.  Cylinders  must  always  be 
stored  and  shipped  in  the  vertical  position  so  that  the  relief  valve  will  always  be  exposed 
to   the  vapor  space. 

Defective   cylinders  should   be   returned   to   the   manufacturer. 

It  is  important  to  keep  the  premises  clean  of  dry  grass,  weeds,  and  rubbish.  Pre- 
emergent  soil  sterilants  are  recommended  for  weed  control.  Smoking  is  always  forbidden 
in  the  area.  The  use  of  common  extension  cords  must  be  forbidden  because  the  effec- 
tiveness of  the  explosion-proof  electrical  wiring  system  is  temporarily  destroyed. 
Explosion-proof  extension  cords  and  receptacles  are  available,  but  even  such  arrange- 
ments are  not  fool-proof. 

Rugged  clean  clothes  without  sagging  pockets  and  sloppy  sleeves  are  recommended. 
Metal  buttons  are  hazardous.  Employees  entering  the  area  should  leave  smoking  mate- 
rials, matches  and  lighters  at  a  safe  distance.  The  automatic,  unthinking  lighting-up  of  a 
cigarette  could  result  in  a  fire.  Shoe  nails  can  strike  sparks ;  soles  should  be  sewed  or 
cemented  in  place. 

Neoprene  or  leather  gloves  are  recommended  to  prevent  refrigeration  "burns"  when 
LP-Gas  in  liquid  form  comes  in  contact  with  the  skin.  The  life  of  leather  gloves  may 
be  lengthened  by  Hberal  applications  of  neatsfoot  oil  at  weekly  intervals. 

FIRE  EXTINGUISHERS 

The  proper  location  and  type  of  fire  extinguishers  should  be  carefully  considered. 
The  NFPA  recommends  that  at  least  one  12  B:C  extinguisher  for  bulk  plants  and  one 
8  B:C  for  cyhnder  storage  areas,  be  provided.  If  the  extinguisher  is  too  close  to  spots 
where  fire  may  break  out,  it  may  be  inaccessible.  A  good  rule  to  follow  is  to  have  it 
located  near  a  door  or  fence  opening  so  that  it  may  be  picked  up  either  while  entering 
or  leaving  the  enclosure. 

Either  the  dry  chemical  or  CO-  extinguisher  is  recommended.  An  advantage  of  the 
dry  chemical  is  that,  pound  for  pound,  it  has  twice  the  fire-killing  power  of  CO-  gas. 
The  advantage  of  the  CO-  extinguisher  is  that  it  leaves  no  residue  and  may  be  used  for 
purging.  Either  is  satisfactory.  They  should  be  inspected  at  least  twice  a  year. 

RECOMMENDED   PROCEDURES  TO  STOP  LEAKS  IN  DOMES 
OF  LP-GAS  TANK  CARS 

If  there  is  evidence  of  gas  leaking  from  any  other  place  on  the  tank,  isolate  the 
car,  post  a  guard  to  keep  sources  of  ignition  away  and  call  your  Bureau  of  Explosives 
district  inspector. 

If  the  leakage  is  in  the  dome,  chances  are  quite  favorahic  that  you  can  stop  the 
leak  with  readily  available  tools. 

The  liquid  valves  face  each  end  of  the  tank  car,  while  the  vapor  outlet  valve  faces 
the  side  of  the  car.  If  there  is  leakage  around  the  valve  hold-down  bolts,  tighten  the 
bolts  until  the  leakage  stops.  If  leakage  persists,  isolate  the  car  and  notify  the  shipper. 

If  there  is  any  leakage  from  the  outlet  of  the  valve,  turn  the  valve  handle  with 
your  hand.  If  it  doesn't  stop  leaking,  there  is  no  need  to  use  a  wrench  as  the  scat  is 
defective.  Then  insert  and  tighten  the  plug  attached  by  chain  to  the  valve.  If  leakage 
persists  around  thread  of  plug,  remove  plug  and  apply  pipe  dope  designed  for  LP-Gas 
usage.  Then  reinstall  the  plug. 
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It  there  is  any  indication  of  leakage  around  the  safety  relief  valve,  which  is  in  the 
center  of  the  dome,  the  valve  may  be  performing  its  function,  i.e.,  relieving  excess 
pressure.  However,  if  considerable  flow  of  gas  is  evident,  isolate  the  car  and  notify 
the  shipper. 

If  there  is  any  leakage  out  of  the  thermometer  well,  the  only  thing  that  can  be 
done  is  to  tighten  the  plug.  If  the  leak  cannot  be  stopped  by  tightening,  do  not  take 
the  plug  out  for  doping  of  the  threads.  The  thermometer  well  is,  in  effect,  a  part  of 
the  shell  of  the  tank,  and  if  there  is  any  evidence  of  leakage  from  the  thermometer 
well,  a  bad  situation  is  indicated.  If  the  plug  is  removed  when  leakage  is  present,  liquid 
would  probably  be  discharged  with  consequent  extreme  hazard.  Thus,  the  need  for  not 
removing  the  plug  of  the  thermometer  well.  Notify  your  Bureau  of  Explosives'  district 
inspector. 

A  high  percentage  of  any  leaks  that  might  occur  will  be  in  the  gaging  and  sampling 
devices.  The  sampling  valve  is  a  part  of  a  fixed  line  to  the  bottom  of  the  tank.  The 
valve  on  the  gaging  device  (slip  tube)  must  be  used  in  gaging  the  volume  of  liquid  in 
the  car.  It  is  open  while  moving  the  gage  up  or  down  to  find  the  liquid  level.  Once  the 
liquid  level  is  found,  the  valve  should  be  closed.  In  both  cases  a  turn  of  the  shut-off 
valve  handle  will  probably  stop  any  leakage  that  might  be  occurring  through  the  valve. 
However,  on  the  slip  tube,  which  is  moved  up  and  down  to  determine  the  liquid  level, 
there  is  a  packing  gland  which  is  subject  to  wear.  If  the  leak  is  occurring  through  this 
packing  gland,  tighten  the  packing  nut  until  the  leak  stops. 

Of  course,  there  is  always  the  danger  of  fire  while  working  around  leaks,  but  the 
use  of  techniques  and  equipment  such  as  used  around  bad  order  flammable  liquid  cars 
should  be  adequate. 

The  thing  that  a  worker  must  be  most  careful  about  is  not  to  let  Hquid  LP-Gas 
get  on  his  skin.  The  effect  is  substantially  the  same  as  when  dry  ice  comes  in  contact 
with  the  skin — freezing.  Liquid  LP-Gas  can  be  distinguished  by  the  white  fog  of  its 
discharge  while  vapor  can  only  be  distinguished  by  careful  viewing.  In  many  cases, 
soapy  water  must   be  used  to  locate  vapor  leaks  because  they  are  not  readily  visible. 

Remember  These   Things: 

1.  All  serious  leakages  must  be  reported  to   the  Bureau  of  Explosives. 

2.  Avoid  the  use  of  open  lights  or  flames  around  leaking  cars. 

HOW  TO  HANDLE  LP-GAS  EMERGENCIES 

This  recommended  procedure  is  designed  to  assist  firemen,  industry  personnel  or  any 
other  interested  person  in  logically  approaching  and  handling  an  LP-Gas  emergency. 
It  is  a  summary  or  check  list  of  important  steps  to  take  or  points  to  consider  in  any 
such  emergency. 

Obviously,  this  type  of  situation  is  most  intelligently  handled  when  the  characteris- 
tics of  LP-Gas  and  the  equipment  are  known  and  understood.  It  is  urged  that  all  fire 
protection  people  become  familiar  with  LP-Gas  plant  layouts  and  operation,  including 
the  location  of  shut-off  valves,  safety  devices  and  general  construction  of  LP-Gas  trucks 
and  transports,  storage  tanks  and  portable  cylinders. 

As  in  any  emergency  situation,  it  is  of  paramount  importance  in  the  event  of  fire 
involving  or  seriously  exposing  LP-Gas  equipment,  or  serious  leakage  of  LP-Gas  without 
a  fire,  to  avoid  endangering  human  life. 
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The  basic  precautions  are: 

1.  Approach  the  fire  or  gas  leak  from  upwind. 

2.  Keep  all  persons  out  of  the  vapor  area.  If  necessary  to  evacuate  any  area 
which  is  in  the  path  of  the  vapor  cloud,  do  so  immediately,  eliminating  all 
sources  of  ignition  at  the  same  time. 

3.  Police  the  area.  Keep  all  persons  at  least  200  ft  away  from  the  area,  except 
those  necessary  to  cope  with  the  condition. 

If  escaping  LP-Gas  is  not  on  fire,  close  any  valve  available  which  will  stop  flow. 
Small  lines,  such  as  copper  tubing  could  be  flattened  or  crimped.  If  an  LP-Gas  vehicle 
is  involved,  consult  the  driver;  or  if  storage  facilities  are  involved,  consult  plant  person- 
nel regarding  possibilities  of  shutting  off  leakage. 

Water  spray  is  effective  in  helping  to  disperse  LP-Gas  vapor.  If  available,  it  should 
be  used  as  soon  as  possible,  directing  the  spray  stream  across  the  normal  path  and 
pushing  the  vapor  into  a  safe  location.  Those  handling  the  hose  should  avoid  entering 
the  vapor  cloud  and  should  keep  low  behind  the  spray  so  that  they  will  be  somewhat 
protected  from  radiant  heat  if  the  vapor  should  be  ignited  unexpectedly. 

If  a  valve  is  not  available  to  stop  the  flow  of  fuel,  consider  the  advisability  of 
igniting  the  gas  to  eliminate  the  spread  of  the  vapor  cloud.  If  it  is  found  desirable  to 
ignite  the  escaping  gas,  it  must  be  done  from  a  safe  distance,  on  the  upwind  side,  near 
the  point  of  leakage  and  then  only  after  determining  that  all  personnel  are  in  the  clear. 
In  many  instances,  serious  hazards  would  be  eliminated  if  the  vapors  were  ignited  and 
allowed  to  burn  under  controlled  conditions.  The  controlled  conditions  involve  applica- 
tion of  sufficient  water  to  keep  the  shell  of  the  vessel  and  any  exposed  piping  cool  so  as 
to  allow  the  fire  to  consume  the  product  without  danger  of  causing  failure  of  the  vessel 
or  piping. 

In  some  instances  of  leakage  from  a  tank  without  a  fire,  it  may  be  desirable  to 
move  the  tank  to  some  remote  area  where  it  can  leak  safely  without  a  source  of  igni- 
tion, such  as  a  blocked-off  isolated  roadway  or  an  open  field.  However,  if  this  is  to  be 
done,  it  should  not  be  moved  in  any  but  an  upright  position.  Never  drag  the  tank  in  a 
manner  which  might  damage  valves  or  piping.  Any  attempt  to  turn  a  tank  back  upright 
to  move  it  to  some  remote  location  should  be  carefully  done  to  avoid  damage  to  valves 
and  piping. 

As  a  general  rule,  an  LP-Gas  fire  should  not  be  extinguished  unless  the  leakage  can 
be  stopped  immediately. 

If  the  escaping  gas  is  on  fire,  apply  large  quantities  of  water  to  all  surfaces  exposed 
to  heat  as  quickly  as  possible,  with  approach  to  the  tank  being  made  from  the  sides. 
Concentrate  on  piping  and  metal  surfaces  of  the  vessel  or  adjoining  vessels,  equipment 
or  combustible  surfaces  exposed  to  flame  or  intense  radiant  heat.  Hose  holders  or  monitor 
nozzles  are  very  desirable  where  continued  application  of  large  quantities  of  water  i* 
considered  necessary. 

Consult  driver  of  vehicle  or  plant  operating  personnel  (as  the  ca.se  may  be)  regard- 
ing possibilities  of  shutting  off  fuel  supply.  Stopping  the  flow  of  gas  should  be  the  first 
consideration. 

Dry  chemical  or  CO-  extinguishers  are  suitable  for  small  LP-Gas  fires,  the  dry 
chemical  being  the  most  effective.  In  either  case  the  extinguishing  agent  should  be 
directed  into  the  gas  stream  at  the  base  of  the  flame. 

If  the  only  valve  which  can  be  used  to  stop  the  flow  of  fuel  is  involved  in  the  fire, 
consider  the  possibility  of  effecting  shut-off  by  protecting  firemen  with  water  fog  stream•^ 
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and   reflectorized   suits   or   other   protective   clothiriK   while   they   are   closing  the   valve. 
Proceed  slowly  to  avoid  any  flashbacks  or  trapping  firemen  in  the  flames. 

The  controlled  burning  of  escaping  LP-Gas  (which  cannot  be  shut  off  by  closing 
a  valve)  is  a  commonly  accepted  fire-fighting  practice.  The  application  of  sufficient 
water  to  keep  the  shell  of  the  vessel  and  piping  cool  will  allow  the  fire  to  consume  the 
product  in  the  tank  without  danger  of  causing  failure. 

When  sufficient  water  is  not  available  to  keep  the  tank  cool,  some  warning  of 
increased  pressure  may  be  noted  from  the  increase  in  volume  of  fire  or  noise  level  and 
should  serve  as  a  signal  to  consider  the  withdrawal  of  all  men  to  a  safe  area. 

Failure  of  LP-Gas  tanks  usually  occurs  only  when  some  portion  of  the  metal  sur- 
face in  the  vapor  space  of  the  vessel  becomes  overheated,  softens  and  weakens  to  the 
point  that  it  will  not  contain  the  pressure  of  the  product.  In  the  absence  of  sufficient 
water  to  keep  the  metal  surface  cool  where  it  is  exposed  to  direct  flame  impingement 
or  extreme  radiant  heat,  there  is  danger  of  the  tank  rupturing  and  creating  a  condition 
which  is  commonly  described  as  an  explosion  although  it  is  not  an  explosion  in  the 
true  sense  of  the  word. 

Shooting  holes  in  an  LP-Gas  tank  that  is  involved  in  fire  does  not  serve  any  useful 
purpose  and  should  not  be  permitted. 

Ordinarily,  no  attempt  should  be  made  to  move  any  tank  involved  in  a  fire  as 
usually  little  would  be  gained  in  reducing  the  hazard.  However,  if  specific  conditions 
develop  to  where  it  is  considered  desirable  to  move  the  tank,  it  should  not  be  moved 
in  anything  but  an  upright  position.  Never  drag  in  a  manner  which  might  further 
damage  valves  or  piping.  Any  attempt  to  turn  the  tank  back  upright  to  remove  to 
some  remote  location  or  to  facilitate  product  withdrawal  should  be  carefully  done  to 
avoid  damage  to  valves  and  piping. 

It  is  always  important  to  control  any  exposure  fire.  In  addition,  if  LP-Gas  storage 
vessels  or  equipment  are  subjected  to  serious  fire  exposure,  such  as  from  a  nearby  burn- 
ing building  or  fire  involving  another  fuel,  it  is  of  prime  importance  to  apply  sufficient 
water  to  keep  the  shell  of  the  vessel  and  piping  cool  to  avoid  any  unnecessary  release 
of  LP-Gas. 

If  the  LP-Gas  storage  vessel  becomes  heated  to  the  point  of  causing  the  relief 
valve  to  function,  the  discharge  should  be  allowed  to  burn  if  it  becomes  ignited  (or  in 
some  circumstances,  as  indicated  above,  it  is  desirable  to  ignite  the  discharge)  and  at 
the  same  time  continue  to  apply  large  volumes  of  water  to  the  vessel  and  piping  to 
keep  it  cool  and  to  allow  the  relief  valve  to  close  after  the  excess  pressure  has  been 
relieved. 

Portable  LP-Gas  cylinders  that  are  exposed  to  a  serious  fire  should  be  moved  to  a 
safe  location. 

Here  are  the  points  to  remember: 

L  Prevent  leaks  if  possible. 

2.  Eliminate  sources  of  ignition. 

3.  Shut  gas  off. 

4.  If  not  possible,  flare  and  control  with  water. 

5.  Keep  metal  and  product  cool. 

6.  Police  spectators. 

7.  LP-Gas  emergencies  can  be  controlled. 


' 
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How  to  Handle  LP-Gas  Emergencies:   Liquefied  Petroleum  Gas  Association. 

Book  HI  Consumer  Storage  Appliances  Venting:  University  of  Texas. 

Rego  LP-Gas  Serviceman's  Manual:  The  Bastian  Blessing  Company. 
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Report  on  Assignment  8 

Methods  of  Controlling   Spillage  of  Fuel  Oil  at  Diesel 
Fueling    and    Unloading    Stations 

V.  C.  Barth  (chairman,  subcommittee),  W.  F.  Arksev,  R.  A.  Bardwell,  I.  C.  Brown, 
P.  J.  Calza,  H.  E.  Graham,  G.  F.  Metzdorf,  C.  F.  Muelder,  E.  T.  Myers,  H.  Parrish, 
R.  D.  Powrie,  J.  C.  Roberts,  E.  R.  Schlaf,  C.  B.  Voitelle,  J.  E.  Wiggins,  Jr. 

Your  committee  submits  as  information  the  following  progress  report  on  the  use  of 
automatic-cut-off  fueling  devices. 

A  survey  of  this  entire  committee  indicates  that  a  few  railroads  are  now  completely 
equipped  with  such  devices,  and  their  performance,  in  general,  is  considered  satisfactory. 
However,  it  is  still  the  consensus  that  the  present  systems  offered  are  not  the  ultimate 
answer  to  the  fueling  problem.  One  of  the  big  problems  is  compatibility,  which  presently 
requires  the  use  of  adaptors.  Also,  it  appears  that  a  constant  maintenance  program  is 
required  to  realize  the  fullest  benefits. 

The  AAR  Committee  on  Locomotives  and  Locomotive  Fuels  and  Lubricants  has 
pursued  the  possibility  of  standardization  and  requested  the  manufacturers  of  the  various 
types  to  explore  this  potential.  Subsequently,  a  manufacturers  committee  on  .Automatic 
Fueling  Standardization  was  organized.  This  group  has  been  given  the  assignment  to 
work  toward  interchangeability  of  all  makes,  to  provide  a  uniform  means  for  connection 
of  any  fueling  facility  without  the  use  of  an  adaptor.  The  manufacturers'  committee 
is  now  actively  engaged  in  this  development. 
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stop  weeds  up  to  18  months 

with  just  one  application  of 

UROX®  Weed  Killer! 

Now  you  can  stop  weeds  on  your  tracks  for  as  long  as 
18  months  with  one  application  of  Urox-AUied  Chem- 
ical's powerful  new  weed  killer.  Urox  is  economical.  Its 
effects  are  cumulative,  so  small  "booster"  doses  keep  its 
killing  power  going  year  after  year.  For  really  complete 
weed  control,  get  Urox  now!  Available  in  both  liquid 
and  granular  forms  .  .  .  special  grades  for  special  prob- 
lems. Write  for  more  information. 


GENERAL  CHEMICAL  DIVISION 

P.O.  Box  353,  Morristown,  N.J. 


'i 
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GRS  Announces  ...ROLKODE 


WITH  SOLID 


A  New  Communication  System  state  units 


for  centralized 

traffic  control 

for  supervisory 

control  systems 

Advantages  of  the  System: 

•  ROLKODE  is  up  to  50% 
faster  than  time  coded  sys- 
tems. 

•  When  combined  with  other 
services,  ROLKODE  sim- 
pUfies  Hne  circuit  require- 
ments. 

•  ROLKODE  operates  on  hne 
wire,  cable,  microwave,  or 
telephone  company  facili- 
ties. 

•  ROLKODE  eliminates 
need  for  line  battery  or 
stand-by  a-c. 


Control  office  solid  state  counter. 


ROLKODE  is  simple,  fast,  and 
economical.  Its  advanced  electronic 
circuitry,  solid  state  units,  new  and 
improved  relays,  and  unusual  adapt- 
ability will  make  your  next  cTc 
installation  the  most  efficient  avail- 
able today. 


Typical  coding  unit. 

FOR     MORE    INFORMATION    ASK    FOR     PUBLICATION    D04.0303 


GENERAL  RAILXA/AY    SIGNAL    COMPANY 

ROCHESTER  7,  NEW  YORK  NEW  YORK  17,  NEW  YORK  CHICAGO  1,  IlllNOIS  ST.  lOUIS  I,  MISSOURI 


USE  TIE  PLATE    ^ 
LOCK  SPIKES 


One-piece  Design 

LOCK  SPIKES  hold  tie  plates  firmly  in  place  on 
cross-ties  and  bridge  timbers. 

LOCK  SPIKES  are  quickly  and  easily  driven, 
or  removed,  with  standard  track  tools. 

Driven  to  refusal,  the  spread  shank  is  com- 
pressed by  the  walls  of  the  hole.  Tie  plates  are  held 
against  horizontal  and  vertical  movement  under 
spring  pressure.  Play  between  the  spike  and  the 
hole  is  eliminated — abrasion  and  seating  of  tie 
plates  is  overcome. 

LOCK  SPIKES  hold  their  position  in  the  tie, 
and  redriving  to  tighten  the  plate  is  not  required. 
They  provide  a  quiet  and  strengthened  track. 

Annual  cost  of  ties  and  maintenance  expense  is 
reduced  by  extending  the  life  of  ties  and  holding 
gage.  Here  is  one  answer  to  conservation  of  ma- 
terials and  labor.  Write  for  free  folder. 

BERNUTH,  LEMBCKE   CO.,  INC. 

420  Lexington  Avenue,  New  Yort<  17,  N.  Y. 


Actual 
Size 


Up  to  22  rail  anchors 
per  minute  witli... 
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NEW  1963  RACINE  Anchor-Fast 


Xhe  increased  speed  and  efficiency  of  this  new,  1963 
Racine  Anchor-Fast  can  save  you  extra  thousands  of  dollars 
a  year  on  rail  anchoring  and  tightening  operations.  Major 
improvements  include: 

POSITIVE  TRACK  ALIGNMENT 

New  side  guide-brackets  keep  nipper  assembly  straight  and 
steady;  position  it  perfectly  on  rail  regardless  of  track 
elevation  on  curves. 

GREATER  BOXING  PRESSURE 

New  built-in  boxing  cylinder,  which  replaces  two  smaller 
external  cylinders,  delivers  3,000  lbs.  pressure  —  an  increase 


of  300  per  cent  —  for  tighter  anchoring  of  all  types  of 
anchors.  An  Anchor-Tight  head  attachment  is  available  for 
this  machine  to  reset  anchors  that  are  not  against  the  ties. 

115  FEWER  PARTS 

Elimination  of  over  115  separate  parts  reduces  adjustments 
and  simplifies  maintenance. 

Write  today  for  further  information  on  the  new  1963 
Racine  Anchor-Fast.  Racine  Hydraulics  &  Machinery,  Inc., 
Dept.    L93.  Racine,  Wisconsin. 


MODERNIZING  KIT  AVAILABLE  If  you  now  own  Racine 
Anchor-Fast  machines,  write  for  details  on  how  you  can 
convert  them  to  new  1963  models  at  modest  cost. 


Portable 
Rail  Drill 


Portat)le  Rail  Saw  Anchor  Applicator 


Rail  Drill&Saw 


Production  and 
Spot  Tampers 


LAYING  WELDED  RAIL 


MODEL  441 

Developed  and  Built 
for  Railroad  Maintenance 

180°  BOOM  SWING 

dOES  UL  JOBS. 


LAYING  STANDARD  RAIL 


CUTS     MAINTENANCE     COS1 


72  fASJ  CHANGE  ATTACHMENTS 


•  Forks 

•  T/4  Cu.  Yd.  Bucket 

•  Tote  Hook 

•  18'  Boom  Extension 

•  Fork  Tie  Baler 

•  Track  Cleaning  Bucket 


•  Back  Hoe 

•  Clamshell 

•  Back   Filler  Blade 

•  Pull   Drag   Bucket 

•  4  Cu.  Yd.   Snow  Bucket 

•  Pile  Hammer 


Optional  Atlachment 
Flanged   Wheels,   Hydroulically   Controlled 


9     WIDE   TRACK   CLEANING   BUCKET" 


PETTIBONE  MULLIKEN  CORPORATII 

RAILROADg^k^^lVISION 

141    W.  JACKS0N^*!^IM^  CHICAGO  4.  III. 

80  Years  of  Service 
to  the  Railroad  Industry 


The  custom-built  assembly  shown 
above  and  to  the  right  is  an  all-purpose 
rig  designed  to  give  maximum  flexibility 
in  coating  and  painting  work.  It  was 
designed  for  field  application  of  paints, 
lacquers,  vinyls,  cutback  asphalts, 
creosotes,  heavy  oils  and  greases. 

"^  It  uses  the  economical  Graco  Hydra- 
Spray  Process,  and  proves  once  again, 
you  get  the  job  done  faster  and  better 
with  Graco  than  with  any  other  coat- 
ing system. 

If  speed  of  coating  application,  and 
material  savings  are  important  to  you, 
write  today  for  all  the  details  of  the 
Graco  Hydra-Spray  Process. 


FREE! 


Graco  Engineers  are  prepared  to  help  you  in  the  design  of  your 
paint  and  material  spray  assemblies.  Your  Graco  Railway  Rep- 
resentative will  be  glad  to  explain  the  many  benefits  of  this 
service.  Write  or  call  him  .  .  .  foday! 


Graco 

GRAY  COMPANY,  INC. 

MINNEAPOLIS  13,  MINNESOTA 


RAILWAY  DEPARTMENT 

JOHN  P.  McADAMS,  Eastern  Sales  Representative 
2304  Wilson  Boulevard,  Arlington,  Virginia 


CHICAGO— (Broadview,  III.) 

R.  D.  Worley 

3030  South  25fh  Ave. 

CLEVELAND 

M.  H.  Frank  Company,  Inc. 
1202  Marshall  Building 

HOUSTON 

Houston  Railroad  Supply  Co. 
1610  Dumble  Street 


PHILADELPHIA 

The  A.  R.  Kidd  Co. 

1036  Suburban  Station  BIdg. 

LOUISVILLE 

T.  F.  &  H.  H.  Going 
6308  Limewood  Circle 

ST.  LOUIS 

The  Carriers  Supply  Company 
818  Olive  Street 


NEW  YORK— Newark,  New  Jersey 

R.  A.  Corley 
744  Brood  Street 

SAN   FRANCISCO 

The  Barnes  Supply  Company 
1  41   Eleventh  Street 

TWIN   CITIES— SI.  Paul,  Minn. 

The  Daniel  L.  O'Brien  Supply  Company 
Endicott-On-Fourth  BIdg. 


WASHINGTON— Arlington,  Va. 

Southeastern  Railway  Supply,  Inc. 
2304  Wilson  Blvd. 


MONTREAL— Ontario,  Canada 

International  Equipment  Co.,  Ltd. 
360  St.  James  Street  West 
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A  NEW  SYMBOL  YOU'LL  SEE 

ON  THE  MOST  ADVANCED 

AUTOMATED  TAMPERS 

It's  the  newest,  most  thoroughly  engineered,  most  efficient  automated 
tamping  equipment  ever  offered.  These  are  the  machines  you  have 
been  waiting  for,  because  behind  them  stands  the  experience  and 
leadership  of  Jackson  Vibrators,  Inc.  .  .  .  the  uncompromising  stan- 
dards of  design,  engineering,  quality  control  and  field  service  that 
you've  relied  on  for  more  than  half  a  century.  This  trade-mark  is  new 
.  .  .  but  what  it  stands  for  is  as  old  as  the  Jackson  name.  Whether  it  is 
on  the  new  automated  maintainers  or  conventional  track  tamping 
equipment,  it  is  your  assurance  of  the  highest  integrity,  the  most 
practical  designing  and  engineering,  and  the  most  comprehensive 
service  to  users  available  to  railroad  maintenance  men  throughout 
the  nation.  This  is  the  new  "Symbol"  of  progress  in  railroad  mainte- 
nance. Be  sure  you  get  complete  information  concerning  the  new  auto- 
mated Jackson,  and  "automation  conversion"  package  for  earlier 
models  of  the  Jackson  Track  Maintainer  before  purchasing  any  new 
tamping  equipment. 


JACKSON  VIBRATORS,  INC 

LUDINCTON,      MICHrCAN.      USA  R3-4A 


Hutibard  Super  Service  Alloy  Spring  Washers 

Hubbard  Super  Steel  Alloy  Spring  Washers 

Hubbard  Track  Tools 

Hubbard  Tool  Division 

UNIT  RAIL  ANCHOR  CORPORATION 

New  York  Pittsburgh  Chicago 

W        Unit  Rail  Anchor      W 

UNIT  RAIL  ANCHOR  DIVISION 

UNIT  RAIL  ANCHOR  CORPORATION 
NEW  YORK  PITTSBURGH  CHICAGO 


Assure  lower  maintenance  costs, 
better  performance  with... 


TEXACO 

Petroleum  Products  and 

Systematic  Engineering 

Service 


W: 

I 


i 


TEXACO  INC. 

RAILWAY  SALES  DIVISION 

135  East  42nd  St.,  New  York  17,  N.  Y. 
NEW  YORK  .  CHICAGO  •   SAN  FRANCISCO  •  ST.  LOUIS  •  ST.  PAUL  •  ATLANTA 


ELEGTROMATIG 


The  only  completely 
automatic  track  surfacing 
machine  on  the  market 


Proven  in  operation  by  North  America's 
leading  railroads.  Complete  and  auto- 
matic control  of  surface  and  cross  level 
through  tangent  and  curve  territory 
regardless  of  height  of  lift. 

•  Combination  of  Autojack  and  Electromatic 
equals  or  improves  production  of  Electro- 
matic alone. 

#  Precision  of  lift  and  uniformity  of  compaction 
controlled  automatically. 


•  All  variations  in  lift,  level  and  run-out  con- 
trolled from  operator's  panel. 

•  Beam  "sighting  "  for  utmost  precision. 

•  Front  buggy  self-propelled  ahead  of  tamper. 


TA  M  P  E  R     I  N  C.    53  Court  St.,  Plattsburgh,  N.Y. 


SALES   AND   SERVICE:    2147  University  Avenue 
St.  Paul  1  4,  Minnesolo 
Phone:  645-5055 
IN   CANADA    160  St.  Joseph  Blvd., 

Lochine  (Montreol),  P.Q. 
Phone:  637-5531 
Your  enquiries  for  detailed  information  or  brochures  on 
Autojack  Electromatic  and  other  track  machines  are  invited. 


THE  DOUBLE  U  RAIL  ANCHOR 

ACHUFF  RAILWAY  SUPPLY  CO. 
ST.  LOUIS,  MO. 


IMFM0 


A  COMPLETE  LINE 
OF  SPRING  WASHERS 


ITHE   NATIONAL  LOCK  WASHER  CO 

Newark  N.  J.,  U.  S  A 


at 

your 

service 


for 

a  1 1    types   of   cranes 

diesel   wreckers 

pile   drivers 

buckets 


ORTON 


CRANE    &    SHOVEL    CO. 

608       S.       DEARBORN       ST. 
CHICAGO       5,       ILLINOIS 

JOHN   F.   McCULLOUGH 

Pfsident 
Reorosentativat    in    Principal    Cifi«( 


vT^  WOODINGS-VERONA  TOOL  WORKS 

^^r  Pioneer  Manuiacturera 

of 

HIGH  GRADE  TRACK  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 

Since  1873 


VERONA,  PA. 


CHICAGO,  ILL. 


w 

WOODINGS  FORGE  &  TOOL  COMPANY 

Makers 

oi 

WOODINGS  RAIL  ANCHORS 

VERONA.  PA. 

CHICAGO, 

ILL. 

Area  Code  305 

P.  O. 

Box   10378                                                                LOgan  6-7922 

GREENHEART,   INC. 

1431    N.  E.  26th   Street 

FORT  LAUDERDALE,  FLORIDA 

Pre 

'sident— 

-John   L.  McEwen — Quarter  Century  Experience 

^ 

%. 

IMPORTERS: 
GREENHEART— 3300F  Piles,  Lumber, 

^^ 

^^r 

Timbers  Long  Length 

^ 

^ 

MORA  EXCELSA^Lumber  and  Timbers 
MANBARKLAK     Piles 

ANGELIQUE  (Basra  Locus) — Piles,  Lumber  and  Timbers       | 

and   other  Woods  from 

Burma, 

Siam,  Australia,  Africa   and   South  America 
Oafa   furnished   on   request 

Model  N  U  Tie  Cutter 


HERE  IS  THE  WINNING  TEAM 

Th«  Woolery  NU  Tie  Cutter  and  the  Woolery  Tie-end  Remover  preserve  the  line  and  surface 
of  the  track  and  at  the  same  time  reduce  the  cost  of  tie  renewals.  Ties  can  be  removed 
without  trenching,  jacking  up  track  or  adzing  tops  of  rail-cut  ties.  With  this  team  you  simply 
cut  both  ends  of  tie,  pry  out  center  piece,  insert  in  its  place  the  tie-end  remover  and  out 
go  the  tie  ends  pushed  by  the  double  acting,  double  ended  hydraulic  cylinder  of  the  Tie- 
end  remover. 


FOR  HIGHEST  EFFICIINCY  USE  TWO  TIE  CUTTERS  WITH  ONE  TIE-END  REMOVE! 


WOOLERY  MACHINE  COMPANY 

MINNEAPOLIS,   MINN. 


y:^/^^0. 


This  is  one  way  to  kill  weeds 


It's  the  hard  way.  So  forget  it.  The  easiest,  fastest,  most  effective  way 
is  with  these  borate  weed  killers:  MONOBOR-CHLORATE®  GRANULAR 
•  MONOBOR-CHLORATE  Track  Sprays  •  BENZABOR®  •  UREABOR®  • 
UREABOR  50  •  UREABOR  80  •  UREABOR  62 

With  one  simple  application,  these  borate  weed  killers  will  destroy 
weeds  and  grasses  about  trestles,  tie  piles,  grade  crossings,  yards, 
signals,  switches,  (or  wherever  a  weed  problem  exists)  for  a  year  or 
more.  All  are  extremely  effective,  yet  safe  to  use.  Easy  and  economical 
to  apply.  And  nonselective.  Most  roads  already  favor  borate  weed 
killers  for  year  'round  weed  control.  How  about  you?  Call  or  write 
today:  Railroad  Sales,  Marketing  >»*.'H'».v>»^M*^5KWi»#» 

Dept.,  U.S.  BORAX,  3456  Peterson 
Avenue,  Chicago  45,  Illinois.  (Phone: 
Independence  3-6262.  Code:  312) 


BORAX 


Here  are  the  up-to-date  facts  on  the  SPENO  Ballast 
Cleaning  and  the  SPENO  Rail  Grinding  Services. 


BALLAST  CLEANING 

SPENO  Engineering  and  Research  has  de- 
veloped a  superior  screening  arrangement  so 
that  we  are  now  using  an  improved  Ballast 
Cleaner  with  greater  efficiency. 

RAIL  GRINDING 

Our  Rail  Grinding  Service  has  been  so  well 
received  —  we  now  have  Three  Rail  Grind- 
ing Trains  to  take  care  of  the  demand. 


SPENO  is  constantly  developing  means  for 
better  service  to  make  sure  thai  the  Railroads 
receive  everything  they  pay  jor  —  and  more. 
Outside  North  American  continent: 

SPEMA  RAIL  SERVICES  S.A. 

Grand-Pont  2,  Lausanne,  Switzerland 

Canadian  Sales  Representatives: 

THE  HOLDEN  CO.  LIMITED 

614  St.  James  St.,  West 
Montreal,  Canada 


(J^t^/Zs^  ^^  "/^'C^r^^iz^  y^^i^nac^e  use^  as. 


CEO 


FRANK  SPENO  RAILROAD  BALLAST  CLEANING  CO.,  INC. 


306  North  Cayuga  St. 
Ilhoco,  N.  Y. 


THE  TRASCO  CAR  RETARDER 

HUNDREDS  IN  SERVICE 
IN  CLASS  YARD  TRACK 


TRACK  SPECIALTIES  COMPANY 


P.O.  BOX  729 


WESTPORT,  CONNECTICUT 
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The  reports  in  thb  issue  of  the  Bulletin  will  be  presented  to  the  1964  Annual 
Meeting  of  the  Association  at  the  Pick-Congress  Hotel,  Chicago,  March  9-11. 
Comments  and  discussion  with  respect  to  any  of  the  reports  are  solicited,  and 
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*  The  contents  of  this  Bulletin  and  the  other  Bulletins  of  the  Association  from  Bulletin 
580,  September-October  1963,  to  and  including  Bulletin  586,  June-July  1964  (except  Bulletin 
585,  March   1964).  will  constitute  the  Annual  Proceedings  oi   the  Association,  Vol.  65. 
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Those    whose    names   are   set    in    bold-face    type    constitute    the    Engineering   Division,    AAR,    Com- 
mittee 3. 


To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress  report,  presented  as  information    page  247 

2.  Cross  and  switch  ties: 

(a)  Keep  up  to  date  current  specifications  for  cross  and  switch  ties. 

Brief  progress  statement,  submitted  as  information    page  247 

(b)  Extent  of  adherence  to  specifications  for  cross  and  switch  ties  as 
observed  on  field  inspections. 

Brief  progress  statement,  submitted  as  information    page  247 

(c)  Possible  revision  of  cross  tie  design  and/or  spacing,  collaborating  with 
Committee  5. 

Progress  report,  presented  as  information    page  247 

(d)  Feasbility  and  economics  of  reusing  recovered  ties,  with  or  without 
additional  treatment,  collaborating  with  Committee  22  and  the  Pur- 
chases and  Stores  Division,  AAR. 

Progress  report,  presented  as  information    page  249 

(e)  Feasibility  and  methods  of  predicting  years  of  service  life  remaining 
in  a  specific  cross  tie. 

Progress  report,  presented  as  information    page  249 
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.<.  Wood  preservatives: 

(a)  Keep  up  to  date  current  spccitications  for  preservatives. 

Brief  progress  statement,  presented  as  information   page  250 

(b)  New  preservatives. 

Specifications  for  two  preservatives  presented   for  adoption    page  250 

4.  Preservative  treatment  of  forest  products: 

(a)  Keep  up  to  date  current  specifications  for  treatment. 

Brief   progress  statement,   submitted   as  information    page  252 

(b)  Methods  of  conditioning  prior  to  treatment. 

Brief  progress  statement,  submitted  as  information    page  252 

(c)  Advisability   of   preparing  specifications  to   cover  care  and   handling  of 
forest  products  before  and  after  treatment. 

No  report. 

5.  Service  records  of  forest  products. 

(a)  Annual   tie   renewal  statistics  as   furnished   by   the   Bureau   of  Railway 
Economics,  AAR. 

Brief  progress  statement,  submitted  as  information    page  252 

(b)  Marine  organisms. 

Brief  progress  statement,  submitted  as  information    page  252 

(c)  Service  test  records  of  forest  products  used  in  railroad  construction  and 
maintenance. 

Progress   report   on   Termite    Control   Investigation,   presented   as  infor- 
mation         page  252 

6.  Collaborate    with    AAR    Research    Department    and    other    organizations    in 
research  and  other  matters  of  mutual  interest. 

(a)  Substitutes  for  wood  ties. 

Progress  report,  submitted  as  information    .    page  266 

(b)  Splitting  of  ties  and  anti-splitting  devices. 

Brief  progress  statement,  submitted  as  information   page  268 

(c)  Laminated  ties. 

Brief  progress  statement,  submitted  as  information   page  268 

(d)  One-step    seasoning   and    treating    method    developed    by    A.\R-NLMA. 

Brief  progress  statement,  submitted  as  information   page  268 

(e)  Feasibility  of  using  atomic  energy  to  retard  decay  in  forest  products. 

Brief  progress  statement,  submitted  as  information   page  268 

The  Committee  on  Ties  .-^nd  Wood  Preservation, 

W.  E.  FuHR,  Chairman. 

ARKA    Bulletin    582,    necember    1963. 
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Report  on  Assignment   1 

Revision  of  Manual 

C.  S.  Burt  (chairman,  subcommittee),  \V.  \V.  Barger,  R.  S.  Be'cher,  C.  M.  Burpee. 
W.  J.  Burton,  L.  C.  Collister,  P.  D.  BrentlinKcr,  H.  R.  Duncan,  W.  E.  Fuhr,  M.  J. 
Hubbard,  R.  P.  HuKhes,  R.  B.  Radke\ ,  N.  A.  Salzano,  R.  B.  Smith,  E.  F.  Snyder. 

This  is  a  progress  report,  presented  as  information. 

Although  all  the  material  in  the  two  chapters  of  the  Manual  over  which  this  com- 
mittee has  jurisdiction  (Chapter  3 — Ties,  and  Chapter  17 — Wood  Preservation,  was  thor- 
oughly reviewed  during  1961  and  1962,  both  chapters  were  further  scrutinized  during 
the  past  year.  The  committee  is  also  continuously  engaged  in  studying  new  methods 
and  procedures  with  the  view  of  keeping  its  Manual  material  abreast  of  the  best  modern 
practice.  Special  attention  is  being  devoted  to  the  following  subjects. 

1.  Assay  method  to  determine  retention  of  preservative. 

2.  New  methods  of  storing  cross  ties  and  switch   ties  for  best  seasoning  results. 
?>.  Use  of  inci-sing  as  a   method  of  preconditioning  cross  ties  and  switch   ties  for 

treatment. 

4.  Anti-checking  devices,  including  bolts. 

5.  Care  of  ties  during  and  after  distribution. 

6.  Reclassification  of  species  for  treatment  purposes. 

7.  Salvaging  ties  made  available   thrcugh   track  abandonment. 

It  will  be  our  purpose  to  bring  these  matters  and  others  to  decision  during  the  year 
ahead  so  that  these  findings  may  be  included  in  our  next  annual  report. 


Report  on  Assignment  2 

Cross  and  Switch  Ties 

H.  F.  Kanute  (chairman,  subcommittee),  P.  D.  Brentlinger,  E.  M.  Cummings,  F.  J. 
Fudge,  F.  F.  Hornig,  M.  J.  Hubbard,  F.  S.  Hunter,  W.  R.  Jacobson,  H.  W.  Jensen, 
H.  S.  Ross,  N.  A.  Salzano,  J.  T.  Slocomb. 

(a)  Keep  Up  to  Date  Current  Specifications  for  Cross  and  Switch  Ties 

\o   recnmmenrlations  for  rexision  of  specifications  are  offered  at   this  time. 

(b)  Extent  of   Adherence   to   Specifications   for   Cross  and  Switch   Ties 

as  Observed  on  Field  Inspections 
The  field  inspettion  trip  scheduled  for  July  2.s  and  26,   196.^,  was  cancelled  becau.H- 
ol    the    general    railroad    .situation    at    that    time,    obviating    the    po.ssibility    of    a    report 
this  year. 

(c)  Possible  Revision  of  Cross  Tie  Design  and  or  Spacing, 
Collaborating  with  Committee   5 
The  following  is  the  .second  report  on  this  subject  and  is  submitted  as  information. 
The  data  were  obtained  from  2.S  railroads  represented  by  the  membership  of  Committee 
■^    and    Committee    5. 
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Main  Track 

Ties  used  in  the  main  tracks  of  the  25  railroads  reporting  are  usually  7  in  by  9  in 
by  8  ft  6  in,  with  spacing  varying  from  18y^  in  to  22  in,  which  is  a  wider  variation 
of  spacing  than  the  spacing  of  19^  in  to  21  in  reported  last  year. 

Variation  in  size  of  tie  or  spacing  because  of  variation  in  weight  of  rail  is  not  given 
any  consideration.  Two  railroads  reported  that  a  spacing  of  19^  in  at  joints  was  too 
close  for  efficient  use  of  power  tampers.  However,  several  railroads  reported  that,  because 
of  the  use  of  power  tampers,  a  more  uniform  spacing  of  ties  is  now  necessary. 

The  twenty-four  12 -in  wood  ties  spaced  at  30-in  centers  on  one  railroad  are  giving 
satisfactory  service.  These  12-in  ties  are  made  up  of  two  6-  by  7-in  ties  doweled  together 
to  make  up  a  12-  by  7-in  tie. 

Another  railroad  installed  concrete  ties  with  12-in  base  in  November  1962  in  yi  mile 
of  main  track.  One-half  mile  of  new  7-in  by  9-in  by  8-ft  6-in  wood  ties  spaced  at 
22J/2-in  centers  were  installed  at  both  ends  of  the  track  with  the  concrete  ties.  The 
standard  spacing  of  this  road  is  19^  in.  The  ties  are  in  both  curved  and  tangent  track. 
Levels  and  cross  levels  were  taken  and  gage  measured  over  this  section  in  January  1963 
and  July  1963.  It  was  found  that  the  wood  ties  spaced  at  193^-in  centers  are  doing  a 
little  better  job  of  holding  profile,  gage  and  cross  level  than  the  wood  ties  spaced  at 
22^-in  centers.  However,  the  concrete  ties  are  doing  an  even  better  job  of  holding 
profile,  gage  and  cross  level  than  the  wood  ties  spaced  at  193^-in  centers. 

A  very  complete  study  was  made  in  1920  on  stresses  in  track  and  reported  in  the 
Proceedings,  Vol.  21,  pages  731  to  814.  This  report  gives  some  interesting  data  on  the 
pressure  of  ties  on  ballast.  The  report  states  that  a  12-in-wide  tie  will  support  2.2  times 
the  load  an  8-in-wide  tie  will  support.  From  this  it  might  be  concluded  that  if  the 
railroads  could  economically  secure  12-in-wide  ties  and  spaced  them  at  30  in  center  to 
center,  they  could  obtain  a  better  supported  track  structure  than  with  9-in-wide  ties 
spaced  at  183^-in  to  22-in  centers. 

Secondary  Main  Track 

Most  railroads  are  using  the  same  size  of  tie  in  secondary  main  track  that  they  use 
in  their  primary  main  track.  However,  many  are  using  a  spacing  that  is  approximately 
1  in  more  than  the  spacing  used  in  primary  main  track.  The  greatest  spacing  reported 
for  secondary  main  track  is  24  in  for  7-in  by  9-in  by  8-ft  6-in  ties. 

Branch  Lines 

Railroads  reporting  use  either  6-in  by  8-in  or  7-in  by  8-in  ties,  either  8  ft  0  in  or 
8  ft  6  in  long,  with  spacing  varying  from  19J4  in  to  24  in. 

Yard  and  Industry  Tracks 

Most  railroads  use  a  6-in  by  8-in  tie  either  8  ft  0  in  or  8  ft  6  in  long  for  both 
yard  and  industry  tracks,  with  spacing  varying  from  21  in  to  29J4  in-  However,  a  few 
railroads  are  using  6-in  by  6-in  or  6-in  by  7-in  ties.  The  railroad  reporting  the  21 -in 
spacing  is  a  coal-hauling  road;  the  29J4-in  tie  spacing  reported  by  another  road  is  used 
for  light  industrial  tracks. 

In  the  report  on  stresses  in  track  in  Vol.  21  referred  to  above,  Table  18,  page  777, 
shows  that  the  supporting  capacity  of  a  tie  increases  at  a  much  faster  ratio  than  the 
width,  that  is,  an  8-in-wide  tie  has  a  supporting  capacity  of  1  unit,  a  10-in-wide  tie, 
1.51  units,  and  a  12-in-wide  tie,  2.20  units.  From  this  it  might  be  assumed  that  the 
widest   ties   that   can   be   purchased  at  the  same  price  or  a  price  related   to  the  cross- 
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sectional  area  would  be  the  most  economical  because  of  the  wider  spacing  that  could 
be  used  without  sacrificing  supporting  capacity  for  the  track  structure.  The  wider  tie 
would  also  permit  the  use  of  wider  tie  plates,  which  would  reduce  damage  to  ties  due 
to  tie  plate  cutting,  especially  in  track  where  the  tonnage  is  very  heavy. 


(d)  Feasibility  and  Economics  of  Reusing  Recovered  Ties,  With  or  Without 

Additional   Treatment,   Collaborating   with   Committee   22   and 

Purchases  and   Stores  Division,  AAR 

Your  committee  submits  the  following  report  as  information.  It  is  based  on  data 
assembled  from  various  railroads  represented  by  the  membership  of  Committee  3  and 
Committee  22. 

All  railroads  reporting  are  salvaging  ties  from  abandoned  track  for  reuse  in  track. 
Only  a  few  railroads  are  retreating  salvaged  ties  for  reuse.  The  only  information  to 
report  this  year  that  was  not  reported  in  Bulletin  575  of  December  1962  is  additional 
data  on  the  costs  to  salvage  and  retreat  ties. 

The  cost  to  salvage  a  tie  for  reuse,  which  includes  loading  into  car,  varies  from 
$0.25  to  $0.75  per  tie.  The  cost  to  retreat  a  tie,  including  handling  at  the  treating  plant, 
varies  from  $0.70  to  $1.25  per  tie.  Three  railroads  reported  the  cost  to  salvage  and 
replace  a  tie  in  track,  without  treatment,  as  varying  from  $1.87  to  $2.67  per  tie.  One 
railroad  reported  that  the  cost  to  salvage  a  tie,  give  it  additional  treatment,  and  replace 
it  in  track,  ranged  from  $3.30  to  $3.37  per  tie. 


(e)   Feasibility  and  Methods   of   Predicting  Years  of   Service  Life 
Remaining  in  a   Specific   Cross  Tie 

Your  committee  submits  the  following  information  received  from  railroads  repre- 
sented by  Committee  3  membership. 

From  the  reports  received,  it  does  not  appear  to  be  practicable  to  predict  the  years 
of  service  life  remaining  in  a  specific  cross  tie  from  visual  inspection.  However,  from 
the  information  received,  it  is  possible  to  set  up,  as  a  guide,  the  visual  characteristics 
that  a  tie  should  possess  to  be  considered  salvageable  with  an  expected  additional  life 
of  8  to  10  years  or  more.  These  characteristics  are  as  follows: 

1.  Rail  seat  sound,  no  evidence  of  decay. 

2.  Limited  mechanical  wear  under  tie  plates. 

3.  Spike  holes  sound. 

4.  No  splits  from  end  of  tie  to  a  point  beyond  the  outside  edge  of  tie  plate. 

5.  No  center-bound  break. 

6.  No  evidence  of  internal  decay. 

7.  Tie  should  have  evidence  of  treatment. 

8.  Tie  could  have  a  few  surface  checks,  but  no  checks  half  way  through  the  tic. 

If  the  tie  is  failing  in  any  one  of  the  above  characteristics,  it  should  be  rejected 
for  reuse  in  any  class  of  track  for  permanent  construction. 

The  above  eight  points  should  be  used  only  as  a  guide;  good  judgment  must  finally 
govern  as  to  whether  a  tie  should  be  rejected  or  salvaged. 
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Report  on  Assignment  3 

Wood  Preservatives 

W.  W.  Barger  (chairman,  subcommittee),  A.  B.  Baker,  R.  G.  Brohaugh,  C.  A.  Burdell, 
C.  M.  Burpee,  D.  L.  Davies,  C.  E.  DeGeer,  R.  F.  Dreitzler.  K.  C.  Edscorn,  W.  E. 
Fuhr,  M.  S.  Hudson,  VV.  R.  Jacobson,  W.  L.  Kahler,  J.  J.  McManus,  T.  H.  Patrick, 

0.  W.  Smith.  H.  K.  Wyant,  R.  G.  Zietlow. 

(a)   Keep   Up  to   Date  Current  Specifications   for  Preservatives 

No  necessary  changes  have  been  come  to  the  attention  of  your  committee  during 
the  last  year. 

(b)   New  Preservatives 

Your  committee  submits  the  following  specifications  for  creosote-coal  tar  solution 
for  the  preservation  of  piles  and  timbers  for  use  in  coastal  waters,  and  coal  tar  creosote 
for  the  preservation  of  piles  and  timbers  for  use  in  coastal  waters,  with  the  recommenda- 
tion  that  they  be  adopted  and  published  in   the  Manual. 

Your  committee  is  continuing  its  study  of  Boliden  salt  K-33  and  copper-8- 
quinolinolate  as  new  preservatives. 

CREOSOTE-COAL  TAR  SOLUTION  FOR  THE  PRESERVATION 
OF  PILES  AND  TIMBERS  FOR  USE  IN  COASTAL  WATERS 

1.  The  material  shall  be  a  pure  coal  tar  product  derived  entirely  from  tar  produced 
by  the  carbonization  of  bituminous  coal. 

2.  Composition:   The  material  shall  be  a  solution   of  coal  tar  in  coal  tar  creosote. 

3.  It  shall  conform  to  the  following  detailed  requirements: 

Not  Less      Not  More 
Than  Than 

4.  Water — percent   by   volume    3.0 

5.  Material  insoluble  in  benzoP,  percent   1-0  3.0 

6.  Coke  residue^,  percent   4.0  7.0 

7.  Specific   Gravity   at   38   deg   C,   compared  to   water  at   IS. 5 

deg    C    1090 

8.  Distillation:  The  distillate  percent  on  a  water-free  basis  shall 
be  within  the  following  limits: 

Up  to  210  deg  C  5.0 

Up  to  235  deg  C  5.0'  15.0 

Up  to  270  deg  C  20.0  35.0 

Up  to  315  deg  C  35.0  50.0 

Up  to  355  deg  C  55.0  70.0 

9.  Specific  gravity  of  fractions  at  38  deg  C  compared  to  water 
at  15.5  deg  C: 

"^  Dm  to  treating  operations,  samples  of  used  solution  may  show  an  increase  in 
material  insoluble  in  benzol  and  in  coke  residue,  and  decreases  in  percentage  of  distillate 
up  to  23S  deg  C.  A  used  solution  shall  be  considered  as  conforming  if  it  can  be  shown 
that  the  original  solution  was  of  specified  quality  and  the  used  solution  conforms  to  the 
standard  requirement  within  the  following  limits: 

Benzol,  insoluble,  maximum,  percent    •^•0 

Coke  residue,  maximum,  percent    ^-0 

Distillate  up  to  235  deg  C,  minimum,  percent    2.0 
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Fraction  235  deg  C-315  dcR  C   1.030 

Fraction  315  deg  C-3S5  deg  C   1.110 

10.  Specific  gravity   of  distillation   residue  above  355   deg  C  at 

38  deg  C  compared  to  water  at  15.5  deg  C   1.185 

11.  Tests  to  establish  conformance  with  the  fcreguing  requirements  shall  be  made 
in  accordance  with  the  standard  methods  of  the  American  Wood-Preservers'  Association 
(See  Manual,  Standard  Al). 


COAL   TAR   CREOSOTE   FOR   THE   PRESERVATION   OF   PILES 
AND   TIMBERS   FOR   USE   IN   COASTAL   WATERS 

1.  The  creosote  shall  be  a  distillate  derived  entirely  Inim  tar  produced  by  the 
carbonization  of  bituminous  coai 

2.  It  shall  contain  not  more  than  3   percent  water,  by  volume. 

3.  It  shall  contain   not   more   than   0.5   percent   matter  insoluble  in   benzol.' 

4.  The  specilic  gravity  of  the  creosote  at  38  deg  C  compared  with  water  at  15.5 
deg  C  shall  not  be  less  than   1.080. 

5.  The  distillate  on  a  water-free  basis  shall  be  within  the  following  limits: 

Up  to  210  deg  C,  not  more  than  5.0  percent. 

Up  to  235  deg  C,  not  more  than  15.0  percent  nor  less  than  5.0  percent.' 

Up  to  270  deg  C,  not  less  than  20.0  percent. 

Up  to  355  deg  C,  not  more  than   75.0  percent  nor  less  than  65.0  percent. 

6.  The  specific  gravity  of  fractions  at  38  deg  C  compared  with  water  at  15.5  deg  C: 

Fraction  235  deg  C-315  deg  C  not  less  than  1.030. 
Fraction  315  deg  C-355  deg  C  not  less  than  1.100. 

7.  The  specific  gravity  of  the  distillation  residue  above  355  deg  C  shall  be  not  less 
than  1.160  at  38  deg  C  compared  with  water  at  15.5  deg  C. 

8.  The  creosote  shall  yield  not  more  than  2.0  percent  coke  residue.' 

9.  The  foregoing  tests  shall  be  made  in  accordance  with  the  methods  ol  the 
.American   Wood-Preservers'   Association    (See   Manual,   Standard   Al). 

'  Due  to  treating  operations,  samples  of  used  creosote  may  show  increases  in  matter 
insoluble  in  benzol  and  in  coke  residue,  and  decreases  in  percentage  of  distillate  up  to 
235  deg  C.  A  used  creosote  shall  be  considered  as  conforming  if  it  can  be  shown  that 
the  original  creosote  was  of  specified  quality,  and  the  used  creosote  conforms  to  the 
standard  requirements  within   the  following   limits: 

Benzol  insoluble,  maximum   percent    1-^ 

Coke  residue,  maximum   percent    3.0 

Distillate  up  to  235  deg  C,  minimum  percent    2.0 
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Report  on  Assignment  4 

Preservative   Treatment   of   Forest    Products 

L.  C.  CoUister  (chairman,  subcommittee),  C.  A.  Burdell,  D.  L.  Davies,  R.  F.  Dreitzler, 
H.  R.  Duncan,  K.  C.  Edscorn,  W.  E.  Fuhr,  M.  S.  Hudson,  F.  S.  Hunter,  W.  L. 
Kahler,  J.  J.  McManus,  C.  S.  Morton,  R.  W.  Orr,  T.  H.  Patrick,  R.  B.  Smith, 
R.  G.  Zietlow. 

(a)    Keep   Up   to   Date   Current   Specifications   for   Treatment 

No  report  on  this  assignment  is  submitted  as  nothing  new  in  methods  of  treatment 
developed   during  the  past  year. 

(b)    Methods   of   Conditioning   Prior   to   Treatment 

No  new  methods  of  conditioning  prior  to  treatment  came  to  the  attention  of  your 
committee  during  the  year. 

Report  on  Assignment  5 

Service   Records  of  Forest   Products 

W.  F.  Arksey  (chairman,  subcommittee),  A.  B.  Baker,  C.  M.  Burpee,  C.  E.  DeGeer, 
K.  C.  Edscorn,  F.  J.  Fudge,  W.  E.  Fuhr,  H.  M.  Harlow,  R.  P.  Hughes,  R.  W.  Orr, 
C.  A.  Peebles,  R.  B.  Radkey,  J.  T.  Slocomb,  E.  F.  Snyder,  L.  S.  Strohl. 

(a)   Annual  Tie  Renewal  Statistics  as  Furnished  by  the  Bureau 
of  Railway  Economics,  AAR 

The  annual  statistics  compiled  by  the  Bureau  of  Railway  Economics,  AAR,  pro- 
viding information  on  cross  tie  renewals  and  cost  data  for  1962  for  the  Class  I  Roads 
of  the  United  States  and  the  large  Canadian  roads  were  published  in  Bulletin  579, 
June-July  1963,  page  738. 

(b)   Marine  Organisms 
Progress  is  reported  in  the  collection  of  data  under  this  assignment. 

(c)  Service  Test  Records  of  Forest  Products  Used  in  Railway 
Construction  and   Maintenance 

Your  committee  presents  on  following  pages,  as  information,  the  results  of  an 
inspection  made  on  February  4,  1963,  of  specimens  after  64  months  of  exposure  in  the 
Austin  Cary  Memorial  Forest,  Gainesville,  Fla.,  in  an  investigation  to  determine  the 
most  effective  preservative  and  amount  of  retention  to  reduce  decay  and  termite  attack 
in  oak,  pine  and  fir  timber. 
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Termite  Control  Investigation — Inspection  of  Specimens 
After  64  Months  of  Exposure 

DIGEST 

This  is  a  report  of  progress  in  the  investigation  to  determine  the  most  effective 
preservative  with  minimum  retention  to  reduce  decay  and  termite  attack  in  oak,  pine 
and  fir  species.  The  results  of  the  investigation  after  64  months  of  exposure  of  the 
specimens  treated  with  the  original  9  preservatives  and  39  months  of  exposure  for  the 
creosote-petroleum  treated  specimens,  based  on  an  inspection  made  on  February  4. 
1963,  are  as  follows: 

1.  Specimens  treated  with  retention  1  of  coal  tar  creosote  show  less  decay  and 
termite  attack  than  specimens  treated  with  the  other  preservatives  having 
the  lower  retentions   (see  Table  8) . 

2.  The  bar  diagrams  on  Fig.  2,  retention  1,  indicate  that  chromated  zinc  chloride 
and  tanalith  are  affording  less  protection  against  decay  and  termite  attack 
than  the  other  preservatives. 

3.  The  rate  of  decay  and  termite  attack  is  reduced  considerably,  however,  by 
treating  the  specimens  even  with  the  lower  retentions  of  chromated  zinc  chloride 
or  tanalith,  as  shown  on  Figs.  3  and  4. 

4.  Specimens  treated  with  retention  1  of  a  solution  of  60  percent  creosote  and 
40  percent  coal  tar  offer  more  resistance  to  decay  and  termite  attack  than 
those  treated  with   25   percent  creosote  and   75  percent  petroleum. 

The  initial  installation  of  1296  treated  specimens  and  30  untreated  control  specimens 
placed  in  the  Austin  Gary  Memorial  Forest  of  the  University  of  Florida  near  Gaines- 
ville, Fla.,  in  November,  1957  is  described  in  the  1959  Proceedings,  Vol.  60,  page  131. 
This  detailed  report  covers  the  treatment  and  installation  of  the  specimens  and  chemical 
analysis  of  the  preservatives.  The  specimens — oak,  pine  and  fir — were  treated  with  nine 
different  preservatives,   using   three  different  retentions  for  each   preservative. 

A  supplemental  installation  of  576  treated  specimens  and  15  untreated  controls, 
involving  the  use  of  four  additional  preservatives,  was  made  in  November  1959.  A 
detailed  report  covering  this  installation  is  described  in  the  1961  Proceedings,  Vol.  62, 
page  95. 

The  results  of  an  inspection  of  the  specimens  after  40  months  of  exposure  are  set 
forth  in  AAR  Research  Department  report  ER-16  and  in  the  1962  Proceedings,  Vol.  63. 
page  53.  The  general  conclusion  was  that  only  those  specimens  treated  with  coal  tar 
creosote  completely  resisted  both  decay  and  termite  attack  during  that  interval. 

The  inspection  of  the  specimens  after  52  months  of  exposure  is  described  in  Engi- 
neering Research  Division  report  ER-23  and  in  the  1963  Proceedings,  Vol.  64,  page  19, 
with  the  following  general  conclusions: 

1.  Coal  tar  creosote  is  offering  the  best  protection  against  decay  and  termite 
attack. 

2.  Chromated  zinc  chloride  and  tanalith  are  affording  less  protection  against 
decay  and  termite  attack  than  the  other  preservatives.  However,  even  the 
lower  retentions  of  chromated  zinc  chloride  and  tanalith  considerably  reduce 
the  rate  of  decay  and  termite  attack  compared  with  no  treatment. 
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The  investigation  is  being  conducted  under  the  general  direction  of  G.  M.  Magee, 
director  of  engineering  research,  Engineering  Research  Division,  AAR.  The  conduct  of 
the  investigation  and  preparation  of  the  report  were  in  charge  of  E.  J.  Ruble,  executive 
research  engineer,  research  staff,  AAR.  The  inspection  of  the  specimens  was  conducted 
by  Dr.  J.  B.  Huffman  of  the  University  of  Florida;  R.  B.  Radkey  and  C.  A.  Burdell, 
members  of  Committee  .^ — Ties  and  Wood  Preservation;  J.  A.  Vaughn,  Crystal  River, 
Fla.;  E.  L.  Kidd,  Seaboard  Air  Line  Railroad;  and  I.  A.  Eaton,  research  staff,  A.'KR. 
Funds  for  the  investigation  arc  being  provided  by  the  AAR. 

GRADING 

The  system  of  specimen  grading  for  both  decay  and  termite  attack  used  during 
the  inspection  corresponds  to  that  recommended  by  the  American  Wood-Preservers' 
Association  and  has  been  fully  described  in  the  previously  mentioned  report  covering 
the  inspection  after  40  months  of  exposure. 

FIELD  INSPECTIONS 

The  inspection  of  the  specimens  was  conducted  in  the  same  manner  as  described  in 
the  previously  mentioned  report  covering  the  40  months  of  exposure  inspection.  It  con- 
sisted of  the  removal  of  each  2-in  by  4-in  by  18-in  specimen,  which  is  buried  in  the 
ground  for  half  its  length,  cleaning  off  the  dirt  and  sand  with  a  spatula  and  then  deter- 
mining its  grade  for  both  decay  and  termite  attack.  The  specimen  was  then  replaced 
in  its  original  position. 

The  decay  and  termite  grades  are  recorded  on  "Field  Inspection  Data  Sheets" 
example  of  which  is  shown  in  Table  L  The  example  shows  the  results  of  the  five  field 
inspections  of  the  specimens  in  rows  M,  N,  and  0  of  Plot  2.  For  example,  in  position  4 
of  row  M,  there  is  shown  specimen  012D/21.  As  explained  in  the  report  covering  the 
initial  installations  the  letter  "O"  designates  oak  species,  "12"  the  stick  number  and 
"D"  the  fourth  specimen  cut  from  stick  12.  The  figure  "2"  designates  the  preservative 
number,  which  in  this  case  is  chromated  zinc  chloride.  The  figure  "1"  represents  the 
retention  used  in  the  treatment  and  in  this  case  is  the  lowest  retention.  In  the  inspec- 
tion of  February  4,  1963,  this  specimen  was  given  a  grade  of  4C,  the  4  indicating  deep 
or  severe  decay  and  a   termite  attack  grade  of  C,  indicating  moderate  termite  attack. 

ANALYSES  OF  FIELD  INSPECTION  DATA 

The  data  on  the  decay  and  termite  attack  grades,  as  recorded  on  the  "Field  Inspec- 
tion Data  Sheets"  were  summarized  and  recorded  on  the  "Classified  Data  Sheets", 
example  of  which  is  shown  on  Table  2.  The  ratings  for  decay  and  termite  attack  were 
determined  in  the  same  manner  as  explained  in  the  previously  mentioned  reports. 

In  the  12,  25  and  40  months  reports  the  average  index  rating  was  obtained  by 
averaging  the  decay  rating  with  the  termite  attack  rating.  It  has  been  pointed  out  that 
when  all  the  stakes  have  failed,  either  by  decay  or  termite  attack,  the  average  index 
rating  should  be  zero,  but  the  method  previously  used  to  determine  this  average  rating 
will  result  in  a  numerical  value  greater  than  zero  after  all  the  stakes  have  failed.  The 
method  to  determine  the  average  value  in  both  the  52  month  report  and  this  report 
follows  the  recommendation  of  ASTM  Specification  D  1758-60T,  Evaluating  Wood 
Preservatives  by  Field  Tests  with  Stakes,  in  which  the  decay  and  termite  grades  arc 
combined,  that  is,  the  lowest  grade  from  either  cause  is  used. 


Ties   and    Wood   Preservation  255 

RESULTS  OF  INSPECTIONS 
Untreated  Controls 

The  decay  and  termite  attack  ratiiifjs  with  their  average  index  ratings  for  the 
untreated  controls  installed  in  November  1057  are  shown  in  Table  .5  for  the  14-months, 
25-months,  40-months,  52-months  and  64-months  exposures.  The  values  shown  in  this 
table  are  the  average  of  10  untreated  specimens  of  each  species,  and  it  can  be  seen  that 
after  64  months,  all  10  of  the  oak,  6  of  the  fir  and  all  10  of  the  pine  specimens 
have  failed.  It  can  be  seen  from  the  index  ratings  that  both  decay  and  termite  attack 
contributed  to  the  failure  of  the  specimens. 

Additional  untreated  controls  were  installed  at  the  time  of  each  inspection,  and  thi' 
index  ratings  for  these  specimens  for  the  exposure  time  are  shown  on  Tables  4,  5,  6 
and  7.  In  general  the  index  ratings  for  termite  attack  are  lower  than  the  ratings  for 
decay. 

Treated  Specimens 

The  decay  and  termite  attack  ratings  after  64  months  of  exposure  of  the  specimens 
treated  with  preservatives  1  to  9,  incl.,  and  after  39  months  of  exposure  of  specimens 
10  to  li,  incl.,  are  shown  on  Table  8.  Pictures  of  two  specimens  having  severe  decay 
and  termite  attack  are  shown  in  Fig.  1.  This  is  the  first  inspection  covering  all  the 
stakes  in  the  investigation.  Previous  inspections  had  included,  at  first,  only  those  stakes 
having  the  lower  retentions  and  later  those  having  the  lower  two  retentions,  with  com- 
plete inspection  of  those  stakes  treated  with  chromated  zinc  chloride  and  tanalith. 

The  data  tabulated  in  Table  8  for  the  specimens  treated  with  No.  1  retention  are 
shown  graphically  by  the  bar  diagram  on  Fig.  2  and  those  for  retention  No.  2  on  Fig.  3. 
It  can  be  seen  that  some  decay  and  termite  attack  is  now  taking  place  in  the  specimens 
treated  with  retention  No.  1  of  coal  tar  creosote,  which  retention  is  half  that  recom- 
mended by  the  AREA.  However,  it  is  evident  from  Fig.  2  that  coal  tar  creosote  is  offer- 
ing the  best  protection  against  decay  and  termite  attack  while  chromated  zinc  chloride 
and  tanalith  are  offering  the  least  protection  after  64  months  of  exposure.  The  bar 
diagram  on  Fig.  3  indicates  that  after  64  months  of  exposure,  considerably  decay  and 
termite  attack  was  taking  place  in  the  specimens  treated  with  retention  No.  2,  the  recom- 
mended retention  in  the  .'\REA  and  AWPA  specifications.  It  is  evident  from  this  diagram 
that  coal  tar  creosote  is  offering  the  best  protection. 

The  data  shown  in  Table  8  for  specimens  treated  with  No.  1  retention  of  chromated 
zinc  chloride  and  that  shown  in  Table  3  for  the  untreated  controls  are  shown  graph- 
ically on  Fig.  4  for  all  three  species  with  the  ratings,  in  percent,  shown  as  the  ordinate 
and  the  exposure  time,  in  months,  as  the  abscissa.  The  data  for  tanalith  and  the  untreated 
controls  are  shown  in  Fig.  5.  The  values  shown  by  the  open  triangles  indicate  the  rate 
of  decay  of  the  untreated  specimens,  the  closed  triangles  indicating  the  rate  of  termite 
attack  on  the  untreated  specimens.  It  is  obvious  that  the  preservative  treatment  of  only 
50  percent  of  the  recommended  retention  has  reduced  the  rate  of  decay  and  termite 
attack. 

CONCLUSION 

From  the  data  secured  during  the  inspection  of  treated  s|)ecinH'ns  of  oak,  fir  and 
pine  species  after  64  months  of  exposure,  it  seems  logical  to  conclude  that: 

1.  Coal    tar    creosote    is    affording    more    resistance    to    decay    and    termite    attack 
than  the  other  preservatives. 
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TABLE  1 

TERMITE  CONTROL  INVESTIGATION 

AAR  RESEARCH  CENTER 
FIELD  INSPECTION  DATA  SHEET 


Location 

Code 

Rating  of  Condition  of  Speclmena  on  Indicated  Date                           { 

Row 

Position 

Number 

1-8-59 

11-13-59 

2-21-61 

2-5-62 

2-4-63 

M 

1 

P94F/32 

lA 

10 

IB 

3C 

2 

P40G/92 

lA 

lA 

lA 

lA 

3 

F103A/32 

lA 

lA 

lA 

lA 

4          '012D/21 

IB 

30 

30 

3B 

40 

5          'O107E/81 

2A 

3A 

2B 

3B 

6 

F24H/23 

lA 

IB 

IB 

7 

F5GC/93 

_ 

lA 

8 

P70I/63 

- 

_ 

lA 

9 

P58I/72 

lA 

lA 

lA 

lA 

N 

1 

O103E/42 

lA 

lA 

lA 

lA 

2 

061B/a3 

- 

_ 

2A 

3 

053G/53 

_ 

_ 

lA 

4 

063E/33 

3A 

2B 

3B 

5 

F104E/31 

lA 

IB 

2B 

10 

6 

P48B/12 

lA 

lA 

lA 

lA 

Remov 

!d  to  AA 

I  Lab  2- 

=5-63 

7 

07I/63 

_ 

_ 

lA 

8 

P42F/81 

lA 

3A 

2C 

30 

9 

073B/3X 

lA 

2B 

3B 

3C 

3C 

O 

1 

F76D/31 

lA 

lA 

lA 

IB 

10 

2 

PlOlC/ll 

lA 

lA 

lA 

lA 

lA 

3 

F7  60/32 

lA 

lA 

lA 

2B 

4 

FlOA/43 

- 

_ 

lA 

5 

F51G/83 

_ 

_ 

lA 

6 

013G/32 

2A 

3A 

1R 

SB 

7 

Oir>G/91 

lA 

1A 

IB 

2B 

8 

OG6A/13 

lA 

9 

P42G/41 

lA 

2A 

IB 

10 

1' 

2 

3 

4 

5 

6 

7 

8 

9 

AWPA  Rating  Codo: 

Numlxjrs  1  to  5  indicate  degree  of  decay  witii  Number  1  being  sound  -  no  evidence  of  decay 
Lullors  A  to  E  indicate  degree  of  termite  attack  wlih  A  having  no  attack. 
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TAULE  2 
TKKMITE  CONTUOL  INVESTIGATION 


AAR  RKSEAKCH  CKNTER 
CLASSIFIED  DATA  SHKETS 


Preservative  No. 
Retention  No. 


2  -  Cliroiuated  Zinc  CliloriUe 


Species 

Code 
Number 

Plot 
Location 

Retention 
Ib.cu.  ft. 

Rating  of  Condition  of  Specimens  on  Indicated  Date      J 

1-8-59 

11-13-59 

2-22-Cl 

2-6-62 

2-5-63 

Oak 

O     7H 

3J9 

0.52 



30 

20 

20 

4C 

12D 

2M4 

0.48 

IB' 

iiC 

30 

3B 

40 

15D 

1A5 

0.51. 

lA 

lA 

in 

IB 

20 

20D 

8N9 

U.48 

lA 

lA 

m 

10 

20 

•?.]r. 

fi.Tl 

1  A 

IB 

p.n 

IB 

30 

?rtr. 

4(^7 

0     c;9 

1  A 

1  A 

?B 

3B 

3B 

40G 

1F5 

0.53 

lA 

lA 

lA 

IB 

20 

41  n 

fil.fi 

0 .  52 

1  A 

1  A 

9n 

3B 

3B 

fi7F 

yps 

0.51 

lA 

2A 

3  A 

20 

30 

84  B 

9FU 

0.48 

IB 

2B 

20 

ID 

2D 

Months  of  Service 

14 

25 

40 

52 

64 

j 

Av.  Termite  Rating 

94.4 

85 

02.5 

62.  S 

52.5 

1 

Av.  Decay  Rating 

100 

85 

77.5 

80.0 

55.0 

1 

Av.   Index  Rating 

97.2 

85 

70.0 

55.0 

52.5 

No.  of  Failures 

0 

0 

0 

t) 

0 

Fir 

F  31F 

511 

0.42 

lA 

lA 

IB 

IB 

10 

.S.'^r, 

lls'd 

0  r>!-> 

1  A 

1  r 

1  r 

10 

10 

44G 

9G1 

0.59 

IB 

IC 

2D 

ID 

2D 

d^n 

9H(i 

0.4H 

lA 

IB 

m 

10 

10 

.■i.^G 

7  HI 

0.44 

IB 

in 

m 

20 

iC 

55E 

10J7 

0.49 

lA 

lA 

IB 

10 

5CG 

4C5 

0.55 

lA 

lA 

lA 

IB 

20 

61E 

SO  5 

0.55 

lA 

IC 

10 

10 

10 

70C 

407 

0..54 



m 

m 

20 

20 

74G 

10L5 

0.52 

lA 

2C 

10 

20 

30 

Months  of  Service 

14 

25 

40 

52 

64 

Av.  Termite  Rating 

94.4 

67.5 

57.5 

55.0 

47.5 

Av.  Decay  Rating 

100 

97.5 

97.5 

92.5 

87.5 

Av.  Index  Rating 

97.2 

82.5 

77.5 

55.0 

47.5 

No.  of  Failures 

0 

0 

0 

0 

0 

Pine 

P  27T 

?,n3 

0.  50 

IR 

or. 

1^ 

10 

20 

2MH 

81,7 

0.51 

lA 

lA 

IB 

10 

30 

311 

911 

0.50 

IC 

3E 

* 

33H 

U)F2 

0.51 

IB 

9.r. 

1G 

10 

20 

.141 

417 

0.51 

1  A 

1  A 

in 

3D 

3D 

.37T 

r,rH 

0.  4t| 

in 

9.n 

1  r 

IC 

20 

381 

7ni 

0.511 

lA 

m 

9.r. 

10 

30 

39J 

3F8 

0.51 

1  A 

m 

in 

ID 

3D 

47H 

10D3 

0.50 

lA 

ic 

20 

10 

20 

48II 

3J8 

0.49 

— 

ic 

20 

3D 

3D 

Months  of  Sin-vice 

14 

25 

40 

52 

64 

AV.  Toriiiitu  Rating 

83.3 

55 

47.5 

37.5 

37.5 

Av.   Decay  Rating 

100 

87.5 

82.5 

80.0 

55.0 

Av.   Index  Rating 

91.(15 

71.25 

05.0 

37.5 

37.5 

No.  ol  I'ailurea 

0 

i 

1 

1 

1 

AWPA  Rating  Code: 

Nuinljcr:!  1  to  t>  lixllcalu  Uugi 
Luttur.'j  A  to  E  Indicalu  dugr 

♦    Failed  ISi  Removed 


CO  of  dec 
)0  of  Ion 


ay  wiUi  No.  1  being  uoiind  -  uo  ovldunce  of  docuy. 

lite  utlaclc  with  A  having  no  attack. 
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Table  5 

SUMMARY  OF  INDEX  RATINGS 

UNTREATED  SPEOMENS 

INSTALLED:    NOV.  1959 


T=Termite 

or 
D=Decay 

15  Months 
Exposure 

27  Months 
Exposure 

39  Months 
Exposure 

Oak 

Fir 

Pine 

Oak 

Fir 

Pine 

Oak 

Fir 

Pine 

T 

D 

AV. 

70.0 
75.0 
72.5 

67.5 
77.5 
72.5 

55.0 
70.0 
62.5 

57.5 
65.0 
50.0 

45.0 
67. £ 

45.0 

35.0 

47.5 
20.0 

47.5 
42.5 
42.5 

30.0 
27.5 

17.5 

7.5 
5.0 
2,5 

No.  of 
Failures 

0 

0 

0 

0 

1 

4 

1 

5 

9       1 

Table  6 

SUMMARY  OF  INDEX  RATINGS 

UNTREATED  SPECIMENS 

INSTALLED:  FEB.  1961 


T=Termite 

or 
D=Decay 

12  Months 
Exposure 

24  Months 
Exposure 

Oak 

Fir 

Pine 

Oak 

Fir 

Pine 

T 
D 

AV. 

62.5 

87.5 
60.0 

50.0 
75.0 
50.0 

47.5 
72.5 
40.0 

52.5 
50.0 
45.0 

42.5 
42.5 
32.5 

30.0 
10.0 

7.5 

No.  of 
Failures 

0 

0 

0 

1 

2 

8 

Table  7 
SUMMARY  OF  INDEX  RATINGS 
UNTREATED  SPECTMENS 
INSTALLED:  FEB.   1962 


T=Termite 

or 
D=Decay 

12  Months 
Exposure 

Oak 

Fir 

Pine 

T 

D 

AV. 

55.0 
75.0 
50.0 

60.0 
80.0 
25.0 

47.5 
47.5 
32.5 

No.  of 
Failures 

0 

0 

3 
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Table  8 

SUMMARY  OF  QUALITY  INDEX-RATINGS 

TREATED  SPECIMENS 


Pros. 

Months 
of 

T=Termite 
or 

No.  1  Retention 

No.  2  Retention 

No. 3  Retention      1 

Service 

D=Decay 

Oak 

Fir 

Pine 

Oak 

Fir 

Pine 

Oak 

Fir 

Pine  ' 

T 

100.0 

97.5^ 

95.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100. oj 

1 

64 

D 

97.5 

100.0 

97.5 

97.5 

100.0 

100.0 

100.0 

100.0 

100.01 

AV. 

97.5 

97 .  5 

92.5 

97.5 

100.0 

100.0 

100.0 

100.0 

100. Oj 

T 

52.5 

47.5 

37.5 

57.5 

50.0 

55.0 

65.0 

70.0 

67.5] 

2 

64 

D 

55.0 

87.5 

55.0 

77.5 

85.0 

92.5 

87.5 

92.5 

95.0 

AV. 

52.5 

47.5 

37.5 

52.5 

50.0 

55.0 

60.0 

70.0 

67.5 

T 

55.0 

65.0 

37.5 

67.5 

70.0 

65.0 

87.5 

90.0 

82.5' 

3 

64 

D 

47.5 

82.5 

25.0 

45.0 

82.5 

75.0 

55.0 

90.0 

87.51 

AV. 

47.5 

62.5 

15.0 

42.5 

62.5 

57.5 

55.0 

85.0 

77.5 

T 

85.0 

70. OJ  55.0 

100.0 

77.5 

67.5 

100.0 

100.0 

97.5 

4 

64 

D 

72.5 

82.5 

85.0 

92.5 

97.5 

92.5 

97.5 

100.0 

97.5 

AV. 

60.0 

65.0 

55.0 

92.5 

77.5 

67.5 

97.5 

100.0 

95.0 

T 

75.0 

80.0 

70.0 

95.0 

97.5 

100.0 

100.0 

100.0 

100.0 

5 

64 

D 

72.5 

92.5 

87.5 

92.5 

100.0 

100.0 

100.0 

100.0 

100.0 

AV. 

60.0 

75.0 

67.5 

87.5 

97.5 

100.0 

100.0 

100.0 

100.0 

T 

67.5 

60.0 

55.0 

92.5 

95.0 

77.5 

95.0 

97.5 

87.5 

6 

64 

D 

67.5 

87.5 

70.0 

92.5 

100.0 

95.0 

95.0 

100.0 

100.0 

AV. 

57.5 

57.5 

50.0 

87.5 

9.5.0 

75.0 

90.0 

97.5 

87.5 

T 

95.i 

100.0 

85.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

7 

64 

D 

72.5 

100.0 

87.5 

85.0 

100.0 

97.5 

92.5 

100.0 

100.0 

AV. 

72.5 

100.0 

82.5 

85.0 

100.0 

97.5 

92.5 

100.0 

100.0 

T 

67.5    85.0 

62.5 

87.5 

95.0 

80.0 

97.5 

97.5 

97.5 

8 

64 

D 

57.5 

80.0 

67.5 

60.0 

95.0 

82.5 

75.0 

97.5 

87.5 

AV. 

52.5 

77.5 

52.5 

60.0 

95.0 

75.0 

75.0 

95.0 

85.0 

T 

65.0 

75.0 

77.5 

87.5 

90.0 

82.5 

100.0 

100.0 

90. Ol 

9 

64 

D 

57.5 

82.5 

100.0 

77.5 

87.5 

87.5 

95.0 

100.0 

100.0' 

AV. 

50.0 

70.0 

77.5 

75.0 

80.0 

77.5 

95.0 

100.0 

90.0, 

T 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

97.5 

95.0 

100.0 

10 

39 

D 

95.0 

100.0 

100.0 

95.5 

100.0 

100.0 

92.5 

95.0 

100.0 

AV. 

95.0 

100.0 

100.0 

95.5 

100.0 

100.0 

92. S 

95.0 

100.0 

T 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100. 0 

100.0 

100.0 

11 

39 

D 

77.5 

100.0 

97.5 

95.0 

100.0 

100.0 

92.5 

100.0 

100.0 

AV. 

77.5 

100.0 

97.5 

95.0 

100.0 

100.0 

92.5 

100.0 

100.0 

T 

100.0 

100.0 

95.5 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

12 

39 

D 

80.0 

100.0 

90.0 

85.0 

100.0 

100.0 

90.0 

100.0 

100.0 

AV. 

80.0 

100.0 

87.5 

85.0 

100.0 

100.0 

90.0 

100.0 

100.0 

T 

100.0 

100.0 

87.5 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

13 

39 

D 

85.0 

100.0 

75.0 

95.0 

97.5 

100.0 

95.0 

100.0 

97.5 

AV. 

85.0 

100.0 

72.5 

95.0 

97.5 

100.0 

95.0 

100.0 

97.5 

Specimens  treated  with  preservatives  1  to  9  incl.  were  installed  in  Nov.  ,1957 
Specimens  treated  with  preservatives  10  to  13  incl.  were  installed  in  Nov.  ,1959. 
Inspection  Date:    Feb.   1963 
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Fig.   1   (a) — View  of  pine  specimen  treated  with  acid  copper  chromate, 
retention  1,  showing  failure  due  to  decay  and  termite  attack. 


Fig.  1  (b) — View  of  pine  specimen  treated  with  tanalith,  retention  1, 
showing  failure  with  almost  complete  loss  of  strength,  due  to  decay  and 
termite  attack. 
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SUMMARY  OF  QUALITY   INDEX   RATINGS 

TREATED     SPECIMENS 
RETENTION;  I 


QUALITY    INDEX  RATING-    PERCENT 
^^      DECAY 
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FiS  3 

SUMMARY  OF  QUALITY    iNiDE^  RATIMG; 

TPEP.TED     SPECIMENS 
RETENTION:  2 


;    AVE        tXPOSORE 
"REifcRVATivE     IffntNliON,    Time      ,SPtciES| 
Lb/FT^   {MONTHS 


QUALITY    INDEX   RMINS-   I'tKcVNl 
DECAY 
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FIG.  a- 
QUALITY  INDEX  RATING 

PRESERVATIVE     (JO,  2CCH«0MATED  ZINC  CHLORIDE) 
RETEMTION:    NO.  I 


SYMBOLS 

TREATED  SPEC\M£'NS  •  TERMITE    ATTACK 

o   DECAY 
UWTREATED  SPECIMENS    *  TERMITE  4TT&CK 
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SYMBOLS 

TREATED  SPECIMENS 


FIG  5 

QUALITY  INDEX  RATING 

PRESE.RVATIVE-  M0.3        TA,NALITH 
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Report  on  Assignment  6 

Collaborate  with  AAR  Research  Department  and  Other 

Organizations  in  Research  and  Other  Matters 

of  Mutual  Interest 

p.  D.  Brentlinger  (chairman,  subcommittee),  R.  G.  Brohaugh,  E.  M.  Cummings,  K.  C. 
Edscorn,  W.  E.  Fuhr,  H.  M.  Harlow,  F.  F.  Hornig,  M.  J.  Hubbard,  H.  W.  Jensen, 
C.  S.  Morton,  R.  B.  Radkey,  H.  S.  Ross,  G.  A.  Williams,  H.  K.  Wyant. 

(a)    Substitutes  for  Wood  Ties 

No  substitutes  for  wood  ties  other  than  the  recently  installed  laminated  wood  ties 
and  concrete  ties  have  come  to  the  attention  of  the  committee.  These  installations  will 
be  reported  on  from  time  to  time. 

(1)   Prestressed  Concrete   Ties 

The  latest  installation  of  prestressed  concrete  ties  known  to  your  committee  is  that 
made  by  the  Frisco  Railway  in  1962.  This  particular  test  includes  7-in  by  9-in  by  8  ft 
6-in  wood  ties  for  comparison.  These  wood  ties  are  spaced  at  2234-in  centers — a  new 
spacing  designed  to  provide  a  bearing  capacity  equal  to  that  of  concrete  ties  on  30-in 
centers.  This  test,  and  a  field  review  of  the  ties  made  during  July  1963,  is  reported 
on  in  detail  in  Appendix  A  below. 

APPENDIX  A— INSPECTION  OF  CONCRETE  TIES,  ST.  LOUIS-SAN  FRANCISCO 
RAILWAY,  NEAR  CABAOL,  MO.,  JULY  9  AND   10,   1963 

Number  of  Ties  (Installed  October  1962) 

Type  "E" — Direct  fixation  without  plates,  but  with  polyethylene  pads  and  uniclips, 
1054. 

Transverse  Cracks  Between  Rails  (Exclusive  of  Bolt -Hole  Cracks) 
Total  ties— 1054. 

Ties  with  cracks — -276   (26.2  percent). 
Total  cracks — 330. 

248    (75   percent)    of  the  cracks  were  in  a  length  of   10  in  at  the  center  of  the  tie 
and  were  nearly  all  quite  fine. 

Transverse  Cracks  from  Bolt  Holes 

There  were  a  total  of  11  bolt-hole  cracks,  all  of  which  were  from  the  gage  bolt 
holes,  7  at  the  left  rail  and  4  at  the  right  rail.  All  are  relatively  fine  except  for  tie  No. 
643  in  which  the  crack  is  large. 

Transverse  Cracks  from  Grooves 

Only  3  cracks  growing  out  of  the  grooves  were  found,  all  of  which  were  on  the 
gage  side  of  the  right  rail.  The  crack  in  tie  No.  643  is  large  and  will  probably  result 
in  early  failure  of  the  tie. 

Longitudinal  Cracks 

Only  tie  No.  1034  had  a  longitudinal  crack.  This  has  existed  since  the  bolts  were 
tightened  at  the  time  of  installation  in  October  1962.  The  crack  extended  through  the 
bolt  holes  to  the  end  of  the  tie  and  to  within  9  in  of  the  center  line.  Examination  of 
tie  end  indicates  no  slippage  of  the  strands,  although  one  strand  was  in  the  line  of 
the  crack. 
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Torque  of  Bolts 

At  the  time  of  installation  the  bolts  were  torqued  to  125  ft-lh  with  a  power  wrench. 
Of  the  4216  bolts.  1851   were  checked  with  a  torque  wrench,  with  findings  as  follows: 

Ties  checked:  1  to  265,  incl.,  1000  to  1054,  incl.,  and  every  5th  tie,  270  to  995,  inch, 
466  ties— 1851  bolts. 


Torque  as  Found — Fl-Lb 

Xo.  of  Bolts 

Percenl 

Over  185 

155  to  180 

100  to  1.50  . 
tiO  to    95. 
0  to    50 

170 

477 

9(;i 

201 

42 

9 
2C. 
52 
11 

2 

Only  15  bolts  had  no  measurable  torque,  although  only  3  loose  clips  were  found. 
One  loose  anchor  insert  was  found. 

Miscellaneous 

Tie  No.  815  was  found  to  shunt  the  track  circuits  when  installed,  but  it  is  still  in 
service  with  pad  material  between  the  clips  and  the  rail  base  for  insulation.  Examination 
indicated  that  one  of  the  prestressing  strands  had  slipped  before  the  tie  was  cast  and 
no  doubt  was  in  contact  with  an  anchor  insert. 

The  pads  are  in  good  condition,  but  a  few  are  showing  some  displacement. 

Except  for  ties  No.  643.  815  and  104,3  the  installation  is  in  excellent  condition  after 
nine  months  of  service. 

On  January  10,  1963,  gage  and  cross-level  measurements  were  obtained  by  the  Frisco 
on  the  y2  mile  of  concrete  ties  and  the  two  ^  mile  installations  of  creosoted  oak  ties 
at  each  end  of  the  concrete  ties.  Readings  were  taken  every  rail  length  and  were  again 
taken  on  July  3,  1963,  with  the  following  results: 

Gage  Readings 


Diff. 

1-10-63  to 

'-3-63,  Inches 

Two  Wood  Sections 

Concrete 

No. 

Percent 

\o. 

Percent 

+  !ig                

0 

0 

17 

95 

27 

n 

0 
12 
(-.7 
19 

•.iJ 
1 

:s 

.\o  change 

->f6- 

=^:::::::::::: 

18 
47 

—  K 

Cross-Level  Readings 


Dijr.  1-10-63  to  7-3-63.  Inches 


+  ii 

+  H- 

No  change. 
-^ 


Tiro  Wood  Sections 


Xo. 


6 
25 
65 
40 


Percent 


4 

18 

46 

28 

4 


Concrete 


Xo. 


Percent 


.3 

90 


It  can   readily   be   seen   that   there   has  been   less  change  in   the  concrete  tie  section 
than  with  the  wood  tie  section  in  the  six-month  period  involved. 
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(b)  Splitting  of  Ties  and  Anti-Splitting  Devices 

(c)  Laminated  Ties 

(d)  One-Step  Seasoning  and  Treating  Method  Developed  by  AAR-NLMA 

Under  Assignment  6  (b),  (c),  and  (d),  activities  have  been  restricted  because  of 
l)udget  restrictions.  Field  surveys  to  analyze  test  installations  will  be  resumed  in  1964 
and  reports  made  to  the  Association. 

(e)    Feasibility  of   Using  Atomic  Energy  to  Retard  Decay 
in  Forest  Products 

From  the  information  and  correspondence  received  to  date,  it  does  not  appear 
to  be  feasible  to  use  atomic  energy  to  kill  wood-destroying  fungi  or  retard  their  growth. 
However,  the  committee  recommends  continuance  of  the  subject  on  the  premise  that 
th  AAR  Nuclear  Research  Committee  might  develop  contrary  evidence. 
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(E)  Member  Emeritus. 

Those    whose    names   are   set    in    bold-face    type    constitute    the    Engineering    iJivision,    AAR,    Com- 
mittee 22. 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

No  report.  Chapter  22  of  the  Manual  is  not  presently  in  need  of  revision. 

2.  Analysis  of  operations  of  railways  that  have  substantially  reduced  the  cost 
of  labor  required  in  maintenance  of  way  work. 

Progress  report,  presented  as  information    page  270 

3.  Economics  of  labor  in  the  laying  of  continuous  welded  rail,  collaborating 
with  the  Special  Committee  on  Continuous  Welded  Rail. 

Brief  progress  statement,  presented  as  information   page  276 

4.  Economics  of  labor  in  laying  new  and  relay  rail  by  a  system  force  on  a 
program  basis  vs.  by  small  division  forces. 

Final  report,  presented  as  information    page  277 

5.  Economics  of  labor  in  unloading  cross  ties  by  hand  vs.  with  machinery  and 
specially  equipped  cars. 

Final  report,  presented  as  information    page  278 
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6    Economics   of   labor  in   tie  renewals — cutting  ties   vs.   removing  whole  ties. 

Brief  progress  statement,  presented  as  information    page  286 

The  Committee  on  Economics  of  Railway  Labor, 

J.  E.  EiSEMANN,  Chairman. 


\RK.\   Bulletin    582,   December   1963. 

MEMOIR 

SToscpf)  Hester  jFergug 

Joseph  Lester  Fergus,  assistant  chief  engineer  of  the  Louisville  &  Nashville  Railroad, 
died  March  24,   1963. 

Mr.  Fergus  was  born  on  June  20,  1890,  at  Bellefontaine,  Ohio.  He  attended  grade 
and  high  schools  at  Hamilton,  Ohio,  and  the  Ohio  State  University.  He  entered  service 
of  the  Louisville  &  Nashville  in  1911  as  a  rcdman,  advancing  to  assistant  resident  engi- 
neer in  June  1912.  In  March  1915  he  was  appointed  assistant  engineer  with  the  Nash- 
ville, Chattanooga  &  St.  Louis  Railroad  at  Nashville,  Tenn.,  subsequently  advancing  to 
division  engineer,  and  acting  chief  engineer.  He  retired  on  July  31,  1959,  as  assistant 
chief  engineer  of  the  Louisville  &  Nashville. 

Mr.  Fergus  joined  the  American  Railway  Engineering  Association  in  1926.  He  was 
a  member  of  Committee  1 — Roadway  and  Ballast,  from  1929  to  1932,  a  member  of 
Committee  28 — Clearances,  from  1950  to  1954,  and  a  member  of  Committee  22 — Eco- 
nomics of  Railway  Labor,  from  1950  until  his  death.  He  became  a  Life  Member  of  the 
AREA  on  January   1,   1960. 

Mr.  Fergus  was  a  diligent  worker  in  all  the  committees  with  which  he  served.  His 
sound  knowledge,   judgment,   counsel,   and   genial   ways   made  him   a   valuable  member. 

He  will  be  remembered  by  his  colleagues  for  his  willingness  to  give  freely  and 
wholeheartedly  of  his  time  and  efforts  to  further  committee  work,  and  his  friendly 
relationship  with  everyone  who  was  privileged  to  know  him. 

E.  J.  Brown,   Chairman 

D.   E.   RUDISILL 

W.  E.  Chapman 

Committee  on  Memoir 


Report  on  Assignment  2 

Analysis   of   Operations   of   Railways   that   Have 

Substantially   Reduced   the   Cost   of   Labor 

Required  in  Maintenance  of  Way  Work 

R.  F.  Bush  (chairman,  subcommittee),  J.  L.  Cann,  P.  A.  Cosgrove,  M.  H.  Dick,  L.  E. 
Donovan,  H.  J.  Fast,  V.  C.  Hanna,  Claude  Johnston,  R.  H.  Jordan,  H.  W.  Kellogg. 
H.  E.  Kirby,  T.  D.  Mason,  R.  L.  Mays,  C.  T.  Popma,  M.  S.  Reid,  H.  \V.  Seeley, 
R.  G.  Simmons,  John  Stang. 

The  Great  Northern  Railway  arranged  for  the  members  of  Committee  22  to  make 
a  thorough  and  well  planned  inspection  of  the  following  operations: 
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1.  August  12,  1963.  Smoothing  operations  with  tamping  equipment  from  two 
different  manufacturers.  One  tamping  unit  was  being  used  on  main-line  track 
and  the  other  unit  on  a  secondary  track  in  the  vicinity  of  St.  Paul  and  Minne- 
apolis, Minn.  (See  Exhibit  2  for  details  of  the  various  operations,  labor  force, 
and  equipment.) 

2.  August  13,  1963.  A  track  rehabilitation  operation  using  a  .sled — tie-ejector  unit, 
on  the  Willmar  Division  at  Ruthton,  Minn. 

3.  August  14,  1963.  A  turnout  surfacing  operation  using  a  points  and  frog  tamping 
machine  on  the  Willmar  Division  at  Willmar,  Minn. 

This  year  your  committee  is  making  the  22nd  report  of  a  series  on  this  subject, 
which  has  been  reassigned  annually  since  1935.  The  current  report,  submitted  as  infor- 
mation, covers  observations  made  on  the  second  day  (August  13,  1963)  of  the  field 
inspection. 

Purpose 

The  Great  Northern  has  been  rehabilitating  portions  of  its  secondary  main  track.s 
and  branch  lines  with  a  specialized  gang  for  years.  It  is  the  practice  to  rehabilitate  these 
tracks  to  the  extent  that  no  major  work  on  them  will  be  required  for  eight  to  ten  years. 

Track  Specifications 

Track  details,  such  as  rail  section,  etc.,  vary  considerably  over  the  area  that  this 
specialized  gang  will  work  during  a  season. 

It  is  the  GN  practice  in  the  rehabilitation  work  to  install  new,  treated  replacement 
ties.  Also,  all  old  slot-spiked  angle  bars  are  replaced  with  reformed  headfree,  toeless  bars 
and  new  bolts  are  applied. 

Methods  and  Procedures 

This  track  rehabilitation  consists  of  the  following  successive  major  operations: 

1.  .Advance  plowing  out  of  old  shoulder  ballast.  This  is  done  with  a  dozer  or  a 
spreader  car. 

2.  Sledding  under  old  ballast  and  ejecting  ties  to  be  renewed. 

3.  Spacing  ties  to  locations  premarked  on  base  of  rail,  and  allied  operations. 

4.  Installation  of  new  ties  and  allied  operations. 

5.  Dumping  of  new  ballast. 

6.  Sledding  under  new  balla.st  for  a  4-in  raise. 

7.  Smoothing  lift  of   lJ/$   in. 

Labor  and  Equipment  Organization 

The  gang  doing  the  rehabilitation  work  on  the  GN  is  comprehensively  mechanized. 
It  is  provided  with  various  types  of  specialized  machinery  and  works  in  an  integrated 
in-line  production  setup.  The  details  of  the  various  operations,  labor  force  and  equip- 
ment are  shown  in  Table  1   and  Exhibit  1. 

The  winch  cart  and  the  sled — tie-ejector  unit  which  it  pulls  are  the  pace  setters  for 
this  rehabilitation  work.  The  winch  cart  eliminates  the  need  for  a  work  train. 

The  sled  is  in  two  parts,  one  on  each  .side  of  the  machine.  When  the  track  is  jacked 
up  over  jacks  on  the  machine,  the.sc  sled  halves  are  readily  lowered  into  a  horizontal 
position  under  the  ties.  .At  the  closi'  of  work  these  sled  halves  can  be  raised  into  a  vertical 
position   for   traveling. 

The  tie  ejector  consists  of  two  vertical  rams  located  on  the  machine  in  a  position 
just  out-sidc  of  each  rail.  Below  these  rams  are  two  revolving  cylinders.  Those  ties  to  bo 
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Table  1 — GN  Track -Rehabilitation  Gang 


Oixralion 


Af!st. 
Fore. 


Mach. 
Oper. 


Labor- 


Others 


Equipment 


First  Sledding,  Tie  Renewals 


Ballast  Unloading,  Second  Sledding 


Unload  ballast 

Raise  track  4  in_. 
Rough  line  track _ 


Distribute  additional  anchors- 
Apply  rail  anchors 


Sub-totals  (4)- 


4* 
1* 


Unload  ballast _. 

Raise  and  tamp  every  8th  tie_ 

Tamp  track  out-of-face 

Tjine  track 


Ballast  Unloading,  Smoothing 
1* 


Transport  men  and  supplies  _ 
Sweep  and  dress  track 


Sub-totals  (2.5)_ 


Grand  Totals  (85) 

(Plus  1  gen.  foreman) 


18 


4* 
12 


1 

1 

Sled  crib  ballast,  remove  failed  ties-- 

3 

3 
1 

2 

Remove   spikes   and   plates   from   dis- 

(i 
1 
1 
2 
2 
5 
3 
4 

1 
2 

2 

1 
3 

Insert  new  ties 

1 

1 

Pile  old  ties     -                _          

Supply  hand  tools  and  recover  buried 

Transport  men  and  supplies. 

Sub-totals  (56)-.-    

1 

2 

10 

36 

7 

Winch  car 

Sled — tie-ejector  unit 
Sled — tie-ejector  unit 


Spike  puller 


Tie  spacers  (2) 
Push  car 
Tie  handler 

Push  car 
Snapper 
Push  car 

Tractor  with  tie  fork 

Compressor  with  2  air 

guns  (high  rail) 

Push  car 

Truck  with  driver 
Busses  (2)  with  driv- 
ers 


Work  train  with  dozer 
Ballast  sled 
Reuse    sled — tie-ejec- 
tor unit 
Tool  and  supply  car 


Work  train  with  dozer 
Tamping   jackt   with 

track  surfacert 
Tamping  machines! 

(2) 
Track  linersf  (2)  with 

line  indicators!  (2) 
Bust  with  drivers 
Ballast  regulator  with 

broom  attachment 


♦Denotes  men  from  head  end  of  gang. 
tDenotes  machine  is  double-shifted. 


DIRECTION  or   TRAVEL 


WINCH   CART 


SLED— TIE-EJECTOR  UNIT 


SPIISE   PULLER  2  TIE  SPACERS  PUSH  CAR 


riE     iNSERTER  PUSH   CAR  RAIL  SNAPPER  PUSH  CAR       COMPRESSOR 


„,...,      3^ M ^  i^m^  ^^^m.    J^^^ A  t^^h  ^^^  ^\^^  ^ 4^11    x-^Ai^'^^h^h^ 


^ 


\ 


-COMWON     POINTS 


SLE  DOING  GAHG 


A 


BALLAST    CARS 


DOZER  OR  SPREADER  LOCOMOTIVE 


SLEDH'IE-EJECTGR  UNIl 


F        7Lf 


1  z::.T::n'U  I 


L^v /c%\   lo c-^ 


I       ^i     ^ 


^SlM 


G.N,  R  Y. 
SLEDDING  ORGANIZATION 


MECHANIZED     SMOOTHING    GANG 
WITH  MULTI-TOOL  TAMPER,  TYPE  I 


I  BUS   DRrvER 


LABORER 


^ 


2    LAB.  FOREM 


^    i^^^n^Ttifri>  A k  mh    i::T7. . ^a x ^ ^^  ^  ^ 


COMBINATION 
BUS  DRIVER 
FLAGMAN 


COMBINATION 
BUS  DRIVER 
FLAGMAN 


FILLING      CRIBS  TAMPER 


^ 


MECHANIZED     SMOOTHING    GANG 
WITH   MULTI-TOOL  TAMPER,  TYPE  2 


2    LS8  FOREMAN 


WIRE-^ • 


I  -  FOREMAN 

I  -  BUS    DRIVER 

I  -  4  MACH      OPERATOR 

2 -SMALL      MACH     OPERATORS 

6  -  LABORERS 

II  MEN 


I  -  FOREMAN 

I  -  BUS  DRIVER 

I  -     4     MACH     OPERATOR 

I-  SMALL      MACH.    OPERATOR 
5     LABORERS 
9     MEN 


2   SMALL    MACH.     OPERATORS 


TRACK     BROOM  BALLAST      REGULATOR 


THE  ABOVE  BROOM  S  REGULATOR  ARE  NOT  TO    BE  INCLUDED    IN    THE 
"SMOOTHING  GANG'  ORGANIZATIONS    BUT    ARE     A     SUPPLEMENT     TO 
THESE  ORGANIZATIONS   FOR  FINAL   DRESSING 


EXHIBIT    2 

G.N.  RY. 
SKETCH     OF    ORGANIZATION     FOR 
DIVISION    MECHANIZED     SMOOTHING     GANGS 
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•  Sli'dcliiiK  tiaiiK 

Foreman J 

Assistant  foremen -- --  2 

Timekeeper - --  1 

Truck  drivers - 3 

Machine  operators - —  10 

Laborers '° 

Total ---  53 

Camp  H.'lp 

Machine  operators            .    -  1 

I^aborers -                                   -  2 

Total - 3 


removed  are  forced  away  from  the  base  of  the  rail  by  the  rams,  and  the  ties  drop  down 
on  the  revolving  cylinders  which  shoot  them  out  onto  the  subgrade. 

The  rubber-tired  compressor  used  to  provide  air  for  the  spike  hammers  has  been 
equipped  with  small,  flanged  wheels.  This  permits  the  compressor  to  operate  with  rubber 
tires  on  contact  with  the  head  of  the  rail  in  a  manner  similar  to  conventional  highway- 
railway  equipment. 

All  of  the  equipment  in  this  rehabilitation  gang  is  of  the  on-track  type. 

Cost  Data 

In  1963  on  the  Eastern  District  of  the  GN  there  were  in  operation  two  district 
ballast  organizations,  one  built  around  the  former  type  of  ballast  sled,  tie  spacers, 
mechanized  tie  equipment  and  surfacing  equipment,  including  ballast  dressing  equipment. 
The  second  ballast  organization  is  equipped  with  the  new  sled-tie-ejector  combination, 
including  winch  car,  tie  spacers,  mechanized  tie  equipment,  surfacing  equipment,  and 
ballast   dressing   equipment. 

Typical  cost  figures  for  the  first  type  of  organization  for  labor  only  (rental  of 
equipment,  work  train  expense  and  ballast  costs  not  included),  where  the  sled  was  used 
to  place  the  present  material  in  the  cribs  under  the  track  and  to  make  tie  renewals, 
are  as  follows: 

District  Gang  No.  80 — Berwick  to  Granville,  Minot  Division. 

20.3  miles  of  ballasting  accomplished  in  20  days  at  a  cost  of  $1,695  for  labor  per 
day;  total  labor  cost:  $33,900.  Cost  per  mile:  $1,670.  Sled  averaged  one  mile  per  day. 
The  4-in  raise  was  made  with  power  tamping  jack  and  power  ballasters. 

District  Gang  No.  80 — Grand  Forks  to  Arvilla,  Dakota  Division. 

14.39  miles  of  ballasting  accomplished  in  20  days  at  a  cost  of  $1,695  for  labor  per 
day;  total  labor  cost:  $33,900.  Cost  per  mile:  $2,356.  Sled  averaged  0.72  mile  per  day. 
The  4-in  raise  was  made  with  power  tamping  jack  and  power  ballasters. 

Typical  cost  figures  for  the  second  type  of  organization  for  labor  only,  emplo\ing 
slcd-tie-ejector  combination  with  winch  car,  are  as  follows: 

District  Gang  No.  81 — Nolan  to  Blabon,  Dakota  Division. 

11.08  miles  of  ballasting  accomplished  in  12  days  at  a  cost  of  $1,860  for  labor  per 
day;  total  labor  cost:  $22,320.  Cost  per  mile:  $2,014.  Sled  averaged  0.92  mile  per  day. 
In  this  operation  the  present  material  in  the  track  was  sledded  under  and  tie  renewals 
were  made,  after  which  the  sled  was  pulled  a  second  time  to  place  4  in  of  new  ballast 
under  the  track,  followed  by  smoothing  lift. 

This  is  the  type  of  operation   which   was  seen  at   Ruthton,  Minn.,  on  .August   13. 
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Winch  car — view  from  rear. 


View  of  winch  car  from  front  or  cable  end. 
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Sleds  in  operating  position. 


I 


I 


Sleds  in  raised  position. 
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• -J*^- 


View  of  tie  ejector. 


Report  on  Assignment  3 


Economics  of  Labor  in  the  Laying  of  Continuous 
Welded  Rail 

Collaborating  with  the  Special  Committee  on  Continuous  Welded  Rail 

J.  R.  Miller  (chairman,  subcommittee),  M.  B.  Allen,  J.  F.  Beaver,  E.  J.  Brown,  W.  E. 
Chapman,  S.  A.  Cooper,  W.  M.  S.  Dunn,  R.  R.  Gunderson,  W.  J.  Jones,  T.  L. 
Kanan,  H.  J.  Kay,  J.  M.  Lowry,  R.  W.  Preisendefer,  D.  E.  Rudisill,  E.  J.  Sierleja, 
R.  G.  Simmons,  J.  T.  Sullivan,  John  T.  Ward,  H.  E.  Wilson. 

Your  committee  submits  the  following  brief  report  of  progress  in  the  assembly  of 
data  pertaining  to  the  above  subject. 

Questionnaires  have  been  prepared  and  sent  to  40  railroads.  When  sufficient  replies 
to  the  questionnaire  have  been  received  and  information  has  been  assembled,  a  progres.s 
report  will  be  submitted. 
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Report  on  Assignment  4 

Economics   of   Labor  in   Laying   New   and   Relay   Rail 

by   a   System   Force   on   a   Program   Basis  vs. 

by    Small    Division    Forces 

J.  A.  Barnes  (chairman,  subcommittee),  J.  G.  Begley,  O.  C.  Benson,  R.  E.  Clancv, 
S.  A.  Cooper,  C.  G.  Davis,  R.  L.  Fox,  R.  R.  Gunderson,  G.  L.  Harris,  T.  L.  Kana'n, 
H.  W.  Kellogg,  L.  A.  Loggins,  J.  M.  Lowry,  R.  G.  Maughan,  R.  L.  Mays,  F.  H. 
McGuigan  III,  E.  J.  Sierleja,  VV.  B.  Stackhouse,  W.  B.  Throckmorton. 

This  report  is  based  on  information  received  from  a  questionnaire  sent  to  25  com- 
mittee members,  representing  12  railroads.  Returns  were  made  by  IS  railroads  which, 
collectively,   renew  more  than   1200  track  miles  of  rail  annually. 

Except  for  two  railroads  whose  labor  contracts  do  not  permit  the  use  of  rail  laying 
gangs  on  other  than  division  basis,  all  respondents  employ  large  system-type  gangs  to 
lay  most  program  rail.  Although  division  gangs  are  used  occasionally  to  complete  the 
entire  annual  program,  only  200  of  the  1200  track  miles  included  in  the  survey  were  laid 
by  division-type  gangs. 

Because  of  the  relatively  small  amount  of  rail  installed  by  division  gangs  compared 
to  system  gangs,  and  also  because  production  reports  are  not  quite  as  complete  for  the 
former  as  for  system  gangs,  the  economic  advantage  of  using  one  gang  in  lieu  of  ancther 
is  not  demonstrated  emphatically.  However,  based  on  the  manpower  and  "on-track 
time"  reported,  the  average  system  gang  lays  8.9  track  feet  per  man-hour  compared  to 
an  average  division-gang  production  of  8.7  track  feet  per  man-hour.  System-gang  man- 
power varies  between  70  and  115,  with  an  average  of  87  men  per  gang.  Division-gang 
manpower  varies  between  20  and  44,  with  an  average  of  35  men  per  gang. 

System  gangs  lay  most  program  rail — whether  it  is  new,  secondhand  or  welded — 
not  only  because  the  use  of  the  large,  highly  mechanized  labor  forces  is  economically 
justified,  but  also  because  it  is  felt  that  since  it  is  used  during  a  substantial  portion 
of  the  work  year  and  is  highly  specialized,  the  system  gang  is  better  organized  and  more 
efficient  than  a  small  gang  which  is  organized  for  a  specific  job  and  disbanded  upon 
completion  of  work. 

In  general,  the  use  of  a  system  gang  tends  to  produce  a  higher  quality  of  work- 
manship which  is  more  uniform  throughout  the  railroad  than  that  obtained  by  separate 
division  gangs  operating  on  several  divisions  under  varicus  supervisors. 

In  situations  where  the  same  number  of  timekeepers,  flagmen,  train  crew  pilots, 
work  trains  and  camp  personnel  are  required  for  either  gang,  the  unit  cost  for  such 
service  is,  of  course,  less  with  the  larger,  high-production  gang  than  with  the 
smaller  gang. 

.Although  the  frequency  of  accidents  is  not  a  primary  factor  in  determining  which 
type  of  gang  is  used,  the  consensus  is  that  fewer  accidents  occur  with  a  system  gang, 
which  installs  rail  on  a  full-time  basis,  than  with  division-type  gangs  which  frequently 
employ  local   labor  hired   for  a  specific  project. 

Finally,  in  order  to  complete  comprehensive  annual  programs  and  take  full  advan- 
tage of  limited  "on-track  time,"  especially  in  areas  of  high  traffic  density,  it  is  frequently 
necessary  to  utilize  large,  fully  mechanized  system  gangs  which  are  capable  of  providing 
maximum  daily  productivity. 

Even  though  division  gangs  are  not  used  as  extensively  as  system  gangs  for  installing 
program   rail,   they   are   used   to   lay   all   kinds   of   rail,   including   new,  secondhand   and 
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continuous  welded.  Division  gangs  are  used  frequently  for  smaller  programs,  such  as 
those  involving  the  renewal  of  curve-worn  rail.  Thej'  are  considered  to  be  just  as  eco- 
nomical as  the  larger  gangs,  especially  when  used  at  locations  where  a  minimum  rail 
program  is  involved — for  example,  in  a  rail  project  of  less  than  3  or  4  miles  in  an  out- 
lying area,  it  might  not  be  practical  to  send  a  large,  fully  mechanized  gang. 

Nine  of  the  13  railroads  which  lay  program  rail  with  system  gangs  report  that  they 
use  a  small  division  gang  to  install  turnouts  prior  to  the  arrival  of  the  large  gang. 

CONCLUSION 

There  appears  to  be  little  difference  in  the  unit  costs  of  labor  instalUng  rail  with 
a  system  gang  compared  to  a  small  division  gang,  and  each  is  used  to  advantage.  System 
gangs  are  employed  predominantly  for  work  involving  large  programs  where  maximum 
daily  production  is  desired.  Division  gangs  are  used  by  most  railroads  for  small  rail 
programs  and  by  some  railroads  whose  labor  contracts  do  not  permit  the  use  of  system 
gangs.  Your  committee  submits  this  report  as  information,  with  the  recommendation 
that  the  subject  be  discontinued. 


Report  on  Assignment  5 

The   Economics   of   Labor   in   Unloading   Cross   Ties 

by  Hand  Methods  vs.  With  Machinery  and 

Specially  Equipped   Cars 

J.  A.  Caywood  (chairman,  subcommittee),  A.  D.  Alderson,  J.  L.  Cann,  M.  H.  Dick, 
L.  E.  Donovan,  V.  C.  Hanna,  G.  L.  Harris,  Claude  Johnston,  H.  J.  Kay,  M.  D. 
Kenyon,  F.  H.  McGuigan,  H.  C.  Minteer,  R.  W.  Pember,  R.  W.  Preisendefer,  John 
Stang,  John  T.  Ward,  H.  J.  Weccheider,  D.  H.  Yazell. 

This  is  a  final  report,  presented  as  information. 

Previous  reports  on  cross  tie  unloading  may  be  found  in  Vol.  59,  1958,  pages  593- 
597,  and  Vol.  60,  1959,  page  394,  of  the  Proceedings. 

The  original  purpose  of  this  study  was  to  define  the  ranges  of  the  most  economical 
tie  unloading  methods,  based  on  a  detailed  examination  of  methods  from  the  most 
laborious  to  the  most  highly  mechanized.  Every  element  of  cost,  from  loading  at  the 
treating  plant  to  positioning  the  tie  for  insertion  in  the  track,  was  to  be  included  in  the 
analysis  of  each  reply  to  our  questionnaire.  (An  example  of  the  questionnaire  is  presented 
herein  as  Appendix  A.) 

A  poll  of  all  Class  I  line-haul  railroads  produced  answers  from  47  railroads  citing 
62  usable  samples  of  the  various  methods  of  tie  unloading.  An  abstract  of  these  answers 
is  presented  herein  as  Appendix  B.  A  summary  of  this  information,  under  nine  general 
classifications,  is  provided  in  Table  1. 

A  casual  glance  at  Table  1  indicates  that  the  meticulous  analysis  originally  planned 
is  neither  necessary  nor  appropriate,  on  the  basis  of  the  reported  information. 

Practical  economic  conclusions  can  still  be  developed  for  the  present  conditions, 
but  a  refined  examination  of  all  the  details  should  be  deferred  until  more  people  sense 
a  need  to  know  more  about  the  problem. 

For  a  railroad  considering  an  investment  in  tie  unloading  machinery,  the  principal 
value  of  the  information  in  Table  1  might  well  be  that  of  stimulus  toward  improvement 
of  hand  unloading  of  ties  rather  than  purchasing  special  machinery  and  cars. 
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Table   1 — Comparison  of  Tie  Unloading  Methods 


GENERAL 
UNLOADING    METHOD 

a. 

REPORTED    EXPERI ENCE 

1  DEAL(EST.) 

TIES/HR) 

(TIES/MAN-HOUR) 

(TIES/MAN-HOUR) 

AVERAGE 

AVERAGE 

MINI  MUM 

MAXIMUM 

AVERAGE 

MAXIMUM 

1.    BY   HAND,  FROM  STANDARD  GONDOLA 

20 

302 

36.3 

18.8 

60-0 

42.2 

100 

2.    BY    HAND, FROM  STANDARD   FLAT 

3 

350 

45.0 

20.8 

57.2 

54.5 

71.4 

3.    BY   HAND,  FROM  SPECIAL  GONDOLA 

7 

740 

88.6 

61.8 

136.4 

107.6 

136.4 

4.    BY   HAND, BULKHEAD  OR    P.W.    FLAT 

4 

600 

98.8 

45.0 

200 

108.8 

200 

5.    BY   HAND,  FROM  STANDARD   STOCK  CAR 

1 

500 

125 

125 

125 

125 

125 

6.    BY   HAND, FROM  SPECIAL  FLAT 

2 

987 

163.2 

155.0 

171.5 

194.3 

228,6 

7.    AVERAGE, ITEMS    1    -  6 

37 

455 

68.1 

18.8 

200 

79.3 

228.6 

8.    BY    CRANE.  FROM  STANDARD   GONDOLA 

8 

38  1 

63.2 

50.0 

100.0 

104.4 

200 

9.    BY   MECH.UNLOADER, SPECIAL  CAR 

4 

382 

131.2 

66.7 

209.5 

188.9 

375 

10. FROM   CAR    ON    SIDING 

13 

94 

15.3 

4.  1 

28.6 

27.0 

150 

Take,  for  example,  a  railroad  presently  unloading  ties  by  hand  from  standard  gon- 
dolas at  the  rate  of  20  ties  per  man-hour.  If  an  alternative  is  to  purchase  $180,000 
worth  of  equipment  estimated  to  be  capable  of  unloading  at  the  rate  of  375  ties  per 
man-hour,  an  economic  analysis  such  as  indicated  on  Fig.  1  might  follow,  showing  a 
very  respectable  rate  of  return  of  22.8  percent. 


LABOR  SAVING 

WORK  TRAIN  SAVING 


DIFFERENTIAL  INVESTMENT 
DIFFERENTIAL  SALVAGE  VALUE 
EXPECTED  LIFE   (n ) 
ANNUAL  MAINTENANCE  DIFFERENCE 
UNLOADING  RATE  (MACHINE) 

UNLOADING  RATE  (BY  HAND) 

NO.    OF   TIES  HANDLED 

^.67000       ^_^J($3;hr) 


(     20 
(467000 


300 


f^)($25/HR) 


$180000     (2    UN  ITS 

0 
20  YEARS 
$3200 

375  TIES/MAN-HOUR 
750  TIES/HOUR 
20  TIES/MAN-HOUR 
300  TIES/HOUR 
467000/YEAR 

$66.300/YEAR 


=     $23350/YEAR 


discounted  value  of   savings 
/annual  saving' 


0.48 


M' 


INVESTMENT+0.48 


costs  =    0 

NVf 


(/ESTMENT]  [annual  MAINTi) 

TTrTj*''-^H 1 f 


SOLVING  FOR  i.THE  RATE  OF  RETURN  =  22.8' 


Fig.   1 — Rate  of  return  on  cross  tie  unloading  proposal. 
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If,  however,  this  railroad  could  raise  its  unloading  rate  only  to  the  average  of  37 
railroads — 68  ties  per  man-hour — a  much  simpler  economic  analysis.  Fig.  2,  would  show- 
that  the  same  equipment  investment,  based  on  an  output  reflecting  actual  experience, 
is  unprofitable. 


DIFFERENTIAL    INVESTMENT 
DIFFERENTIAL   SALVAGE   VALUE 
EXPECTED   LIFE 

ANNUAL  MAINTENANCE   DIFFERENCE 
UNLOADING   RATE   (MACHINE) 

UNLOADING   RATE    (HAND) 

NO.    OF   TIES   HANDLED 


=  $180000     (2    UN  ITS 

0 

=  20  YEARS 

=  $1800 

=  210  TIES/MAN-HOUR 

=  1^19  TIES/HOUR 

=  68  TIES/MAN-HOUR 

=  155  TIES/HOUR 

=  261000  TIES/YEAR 


SAVINGS: 


UBOR-(^»-^°° 


^3/HR.)  =  $7800/YEAR 


WORK  TRAlN-(^^0-fM0)($25/HR.)--$l250/YEAR 


SAVINGS   -    COSTS   =  VALUE   OF    INVESTMENT 
20($6  550)-[$_l80000-»-(20)($l800j     =  -$85000. 

=  -$4250   PER  YEAR 


Fig.  2 — Cost  comparison,  mechanical  unloader   (no  interest). 


A  comparison  of  ideal  machine  production  and  the  best  reported  hand  method,  in 
Appendix  D,  indicates  a  $14,780  annual  loss  if  the  machine  is  used. 

One  further  comparison  in  Appendix  D  shows  average  machine  and  hand  production, 
with  an  annual  loss  of  $9,203  when  using  the  mechanical  unloader. 

Using  the  method  outlined  in  Appendix  E,  minimum  hand  unloading  rates  to  allow 
a  10  percent  rate  of  return  on  equipment  investment  were  calculated.  The  comparisons 
in  Table  2  are  thus  between  a  variable  labor  force  and  the  ideal  mechanical  unloader. 

Any  improvement  in  performance  of  the  hand  methods  would  reduce  the  rate  of 
return  on  the  machine  investment. 

A  railroad  capable  of  exceeding  the  average  hand  unloading  rate  would  obviously 
be  wise  to  invest  its  money  in  something  other  than  the  present  mechanical  tie  unload- 
ing equipment.  A  similar  analysis  would  show  that  spending  large  sums  of  money  to 
modify  cars  for  hand  unloading,  as  opposed  to  using  bulkhead  flat  cars  or  merely  burning 
holes  in  the  sides  of  non-revenue  gondolas,  is  similarly  uneconomical. 

It  is  important  to  note  that  mechanized  unloading  and  special  cars  do  have  certain 
properties  which  may  be  considered  virtues  under  favorable  circumstances. 

1.  Special  cars  provide  a  predictable  supply  of  cars  if  their  investment  can  be 
justified. 

2.  Mechanized  unloading  methods  provide  a  fairly  high  unloading  rate  in  ties  per 
man-hour,  and,  where  the  labor  force  is  both  inflexible  and  extremely  hmited, 
a  moderately  high  unloading  rate  in  ties  per  hour. 
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Table   2 — Minimum   Economic   Hand-Unloadin(;   Rates 


HAND   METHOD 

MECHANICAL   METHOD 

LABOR    FORCE 
(INCL. FOREMAN) 

MINIMUM    UNLOADING    RATE 

UNLOADING    RATE 

TIES /MAN-HOUR 

TIES/HOUR 

TIES/MAN-HCUR 

TIES/HOUR 

1 

71  .5 

286 

375 

750 

6 

55. U 

332 

375 

750 

8 

17.3 

378 

375 

750 

10 

^12. 5 

425 

37  5 

750 

12 

39.3 

472 

375 

750 

U 

37.0 

518 

375 

750 

The  main  advantage  of  hand  unloading  can  be  put  in  one  word — flexihili'y.  If  a 
planner  can  adjust  any  or  all  of  the  factors  affecting  output  by  hand,  i.e..  number  of 
men,  trajn  speed,  type  of  car,  manner  of  loading  ties  in  car,  to  satisfy  the  density  of  ties 
he  wishes  to  unload,  he  can  usually  .save  more  money  than  is  i^rc^ently  po.ssible  by  usinu' 
mechanical  unloaders. 

High-priced  work-train  time  can  be  cut,  with  hand  methods,  merely  by  adding 
more  men.  In  fact,  the  average  rate  experienced  when  unloading  by  hand  (455  ties/hour) 
is  higher  than  that  of  mechanical  equipment  (382  ties/hour).  Once  a  machine  is  at  max- 
imum output,  the  only  way  to  reduce  work  train  time  is  to  use  more  machines. 

Another  real  economy  of  hand  unloading  comes  from  the  use  of  conventional  cars. 
.\lthough  conventional  cars  could  be  acquired  especially  for  tie-unloading  purposes  and 
provide  the  savings  as  indicated  in  the  example  (since  the  analysis  considered  only  the 
differential  investment,  that  of  modifying  cars  and  obtaining  unloaders),  hand  unloading 
can  be  performed  from  any  of  several  types  of  open-side  cars.  Thus,  off-season  avail- 
ability can  be  exploited  to  minimize  even  further  the  necessary  investment  in  equipment 

An  investigation  by  one  railroad  presently  unloading  ties  from  standard  gondolas 
developed  the  fact  that  one  of  the  more  attractive  cars  for  unloading  ties — bulkhead 
fiat  cars — were  being  used  at  less  than  60  percent  of  their  peak  use  during  the  months 
of  December  through  March.  One-third  of  this  road's  fleet  of  bulkhead  flat  cars  were 
idle  coincident  with  the  time  when  cross  tic  unloading  was  in  full  swing.  A  reduction  in 
cross  tie  unloading  costs  was  thus  effected  with  no  added  investment. 

The  flexibility  of  conventional  equipment  is  al.so  an  advantage  in  a  situation  where 
unexpected  circumstances  make  individual  distribution  along  the  right-of-way  temporarily 
impracticable.  In  such  a  situation,  the  most  expedient  method  of  unloading  can  be  used 
to  conveniently  stockpile  the  ties  f(>r  further  handling  and  release  the  cars  for  other  uses. 


CONCLUSION 

The  conclusion  supported  by  the  information  provided  for  this  study  is  that  large 
investments  for  either  special  cars  for  hand  unloading  or  lor  mechanical  unloadini; 
equipment  and  associated  special  cars  is  not  economical. 

It    is   therefore   recommended   that   this  assignment    be  discontinued. 
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QUESTIONNAIRE 

ECONOMICS  OF   LABOR  IN     UNLOADING    CROSS    TIES 
BY     HAND   VERSUS   WITH    MACHINERY     AND   SPECIALLY       EQUIPPED      CARS 

PLEASE   CHECK     APPROPRIATE     BOXES     FOR     ITEMS     1  AND   9    THROUGH    35,    FILL     IM    QUANTITIES     FOR     ITEUS 
2  THROUGH    SAND   36    THROUGH    41.      THANK      YOU. 

SUBCOMMITTEE      5        AREA      COMMITTEE      22 

X                   WITH                     X                   WITH                 X      FROM   CAR     \           V 

\^        WORK    TRAIN          \  LOCAL      FREIGHtN^   0  ^4       SI0ING\^         \^ 

1-    distribution      methods      USED 

2-  NO  of  ties  dist/year    (thousands;) 

3-   NO.  of     LABORERS 

4-  NO.  OF     EQUIPMENT     OPERATORS 

5-  NO   OF      FORE  MEN 

6-  ESTIMATED     IDEAL    PRODUCT  ION  (TIE S/HR) 

7-   AVERAGE     ACTUAL    PRODUCTION  (TIE5/HR.-) 

a-   AVERAGE       DISTRIBUTION    (TlES/Ml) 

9-     TIES     LOADED      PARA  L  LE  L  TO   C  AR 

10-    TIES     LOADED      ACROSS      CAR 

11-  TIES     BANDED     OR     BUNDLED 

12-  OTHER      LOADING       ARRANGEMENT 

13- TIES     UNLOADED    BY   HAND    LABOR 

14-TIES     UNLOADED     BY  CRANE 

IS-  TIES    UNLOADED    BY    SPEED    SWING 

16-  TIES    UNLOADED   BY  FRONT   FIND  LOADER 

17-  TIES    UNLOADED    BY   SPECIAL   EQUIPMENT 

18-                                       "      ON    TRACK 

19-                                      "      ON    GROUND 

20-                                      ■'       IN     CAR 

2t  -                                   "      WITH    HOOK 

22-                                   "       WITH    TONGS 

23-                                   "       WITH    GRAPPLE 

24-                                   "       WITH     SLING 

2S-                                   "        WITH    OTHER 

26-  TIES    RE-HANDLED    BY    HAND   LABOR 

^-^ 

^^ 

27-TIES    RE-HANDLED   BY  CRANE 

'a-  TIES  RE-HANDLED  BY  SPECIAL   EQUIPMENT 

29-   TIES      RE-HANDLED   BY    OTHER 

30-   TIES    UNLOADED   PARALLE  L  TO   RAILS 

31-   TIES  UNLOADED   PERPENDICULAR  TORAILS 

32-    TIES    UNLOADED    RANDOM    TO    RAILS 

TIES    POSITIONED  FOR    INSTALLATION 

33-                                               BY    MACHINE 

34-                                           BY    HAND     LABOR 

35-  COST     ANALYSIS    ATTACHED 

36-    EQUIPMENT  OWNERSHIP    C05T(^/TIE) 

37-   EQUIPOPER.l  MAINT     COST            Ct/TIE) 

36-    SPECIAL     LOADING       COST            C$/TIE1 

39-  COST  OFPOSITIONINGTIES  FOR  INSTALLATION 

40-  COSTS    ESTIUATED{E)OR      ACTUAL(A) 

4  1  -   TRAC  K-  MILES    REPRESENTED    BY    ABOVE 

1 

DESCRIPTION  OF  SPECIAL    EQUIPMENT    OR    METHODS: 

APPENDIX.    A  -SAMPLE     QUESTIONNAIRE 

-ill 
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EXTRA    COSTS    OF    SPECIAL    CARS 
AND    UNLOADING    EQUIPMENT 


TEM    NO.  EQUIPMENT 

24  Special  Gondolas 

25  Special  Gondolas 

26  Special  Gondolas 

27  Special  Gondolas 

28  Special  Gondolas 

29  Special  Gondolas 

30  Special  Gondolas 

36  Spec  i  a  I  F lats 

37  Spec  ia I  F  I  ats 

46  28  Tie  Cars,  2  Ramp  Cars, 

2  Un  I  oaders 

47  Unloaders  and  Tie  Cars 

48  30  cars,  3  Unloaders 

49  No  Answer 


COSTS 
$0.25/tie 
$0.03/tie 
Not  Ava  i  I ab le 
$0.25/tie 
$0.03/tie 
Not  Ava  i lab  I e 
Not  Ava  i  lab  I e 
Not  Ava  i  I ab I e 
$5000/car 

$179,600 

Not  Ava  i  lab le 

$6000/car,  $  I 5000/Un I oader 

Not  Ava  i  I ab le 


(item    Numbers    Correspond    to    Summary    of    Replies,    Appendix    B). 


APPENDIX    C   -    EUUIPMENT    COSTS 
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DEAL   MACHINE    vs.    BEST  HAND  METHOD 


=  $180000 

=     0 

^  20  YEARS 

=  $3200 

=  375  TIES/MAN-HOUR 

=  750  TIES/HOUR 

UNLOADING  RATE  (HAND, FROM  P.W.CAR)=  200  TIES/MAN-HOUR 

-  1200  TIES/HOUR 

NUMBER  OF  TIES  HANDLED  =  467000/YEAR 


DIFFERENTIAL  INVESTMENT 
DIFFERENTIAL  SALVAGE  VALUE 
EXPECTED  LIFE  (n) 
ANNUAL  MAINTENANCE  DIFFERENCE 
UNLOADING  RATE  (MACHINE) 


SAVINGS:  LABOR  =\— 


/'467000   467000\ 

l_Rl^^ ^/($3/HR.)  =  $3270/YEAR 


00 


375 


/ 1167000       467000 
W0RKTRAIN  =  ^-y^--^^ 


-j($25)   ^-$5850/YEAR 


SAVINGS  -  COSTS  =  VALUE  OF  INVESTMENT 

-$2580)20-|T80000+($3200)2q]       —  "$295600 

=  -  $|i^780/YEAR(L0SS) 


AV.   MACHINE   EXPERIENCE  VS.    AV.    UNLOADING  BY   HAND 


DIFFERENTIAL  INVESTMENT 
DIFFERENTIAL  SALVAGE  VALVE 
EXPECTED  LIFE  (n) 
ANNUAL  MAINTENANCE  DIFFERENCE 
UNLOADING  RATE  (MACHINE) 

UNLOADING  RATE  (HAND) 

NO. OF  TIES  HANDLED  (AVERAGE) 


=  $209867 

=    0 

=  20  YEARS 

=  $1800 

=  131  TIES/MAN-HOUR 

=  382  TIES/HOUR 

=  68  TIES/MAN-HOUR 

=  455  TIES/HOUR 

=  287000/YEAR 


SAVIN6S:LAB0R  =(^^  -  ^^°)($3/HR.)  =  $6090/YEAR 


WORK   TRAIN 


=( 


287000   287000 


455 


382 


$20/HR^=-$3000/YEAR 


SAVINGS   -   COSTS    =    VALUE   OF    INVESTMENT 
($3090)20-5209867+(  I800)20]=  -$184067 

--$9203/YEAR    (LOSS; 


APPENDIX    D    -    OTHER    COST    COMPARISONS 
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MAXIMUM   PRODUCTION    RATE   WITH   8-MAN   GANG    TO    DEVELOP 
10%    RATE   OF    RETURN    FROM    IDEAL   MACHINE    RATE 


DIFFERENTIAL    INVESTMENT 

Dl FFERENT I AL    SALVAGE    VALUE 

EXPECTED    LI FE    (n) 

ANNUAL    MAINTENANCE    DIFFERENCE 

UNLOADING    RATE    (MACH INE) 

UNLOADING    RATE    ( 8    MEN  ) 

NUMBER    OF    Tl ES    HANDLED 


^467000       ^67000^ 

SAVINGS:    LABOR  =      °    "    "  .  -2 !ii       $3/man    HOUR 

\  X  37  5  / 


—  $180000 

=  0 

=  20    YEARS 

=  $3200 

=  375    Tl  ES/MAN-HR. 

=  750    Tl  ES/HR. 

=  X    Tl  ES/MAN-HR. 

=  8X    Tl  ES/HR. 

=  467000/YEAR 

_  UOIOOO 


-    3735 


_     146700000 
32X 


5600 


ANNUAL    SAVI NG    ,.  , „„,„    , 
0.1+8    : -(A  I  NVES.+  O.  48 


■f 


Fa  invest." 
L  {i+i)"-i 


ann.maint.l 

+  0.48     : (~       0 


0-48   [140  1000 ^    46700000      ,^^^.s      (Tqqqqq  ,(0. 48) (180000)        (0.48)(3200 
0.10  I        X  32X  L  5.42  I. 10       J 


=       0 


3729800 


92808)    -    (  180000-t-l  5950-+  i  395) 

2901  50    X  ^    I  3729800 

X  =    47. 3    Tl ES/MAN-HR. 


=       0 
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Report  on  Assignment  6 

Economics   of   Labor  in   Tie   Renewals — Cutting   Ties 
vs.  Removing  Whole  Ties 

G.  E.  Warfel  (chairman,  subcommittee),  M.  B.  Allen,  O.  C.  Benson,  R.  H.  Carpenter, 
R.  E.  Clancy,  P.  A.  Cosgrove,  C.  G.  Davis,  R.  H.  Jordan,  M.  D.  Kenyon,  T.  D. 
Mason,  R.  G.  Maughan,  R.  W.  Pember,  C.  T.  Popma,  M.  S.  Reid,  H.  W.  Seeley, 
W.  B.  Stackhouse,  J.  T.  Sullivan,  F.  R.  Woolford,  J.  G.  Begley. 

Your  committee  submits  the  following  brief  report  of  progress  in  the  assembly  of 
data  pertaining  to  the  above  subject. 

Questionnaires  have  been  prepared  and  sent  to  members  of  Subcommittee  6.  When 
sufficient  replies  to  the  questionnaires  have  been  received  and  information  assembled, 
a  report  will  be  prepared. 
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J.  O.  Elliott  W.  R.  Jacobs  W.  W.  Wynne 

H.  J.  LiESER  R.  K.  Johnson  F.  E.  Yockey 
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J.  W.  Winger  H.  E.  Keniston  Committee 

Those    whose    names    are    set    in    bold-face    type    constitute    the    Engineering    Division,    A.AR,    Com 
mittee  27. 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Study  was  continued,  but  no  report  is  submitted  this  year. 
1    (a)   Revision  of  Handbook  of  Instructions  for  Care  and  Operation  of  Main- 
tenance of  Way  Equipment. 
Progress   report,   including  recommended   additions    page  288 

2.  Improvements  to  be  made  to  existing  work  equipment. 

Progress  report,  including  recommended  improvements    page  290 

.^.  Standardization  of  parts  and  accessories  for  work  equipment. 

Progress  report,   submitted  as  information    page  292 

4.  Air   cleaners   and    fuel   and   oil   filtering   systems    for   internal    combustion 
engines. 

Final  report,  presented  as  information    page  29.S 

5.  Automation  of  maintenance  of  way  equipment. 

Progress  report,  submitted  as  information    page  298 

6.  Alternators   and   transistorized   electrical   systems    for   installation    on   work 
equipment. 

Information  is  being  collected  and  studied  by  the  committee  covering  use 
by  several  railroads  of  various  systems.  Final  report  will  be  presented  in 
1965. 
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7.  Equipment  for  chemical  and  mechanical  brush  control. 

Final   report,  presented  as  information    page  298 

8.  Equipment    for   the   control  and   i)erformance  of  jacking  in   track  surfacing 
operation. 

Final   report,   presented  as  information    page  .^00 

The  Committee  on  Maintenance  of  Way  Work  Equipment, 

R.  S.  Radspinner,  Chairman. 


AREA   Bulletin   582,   December   1963. 


Report  on  Assignment   1    (a) 

Revision   of   Handbook   of   Instructions   for   Care   and 
and  Operation  of  Maintenance  of  Way  Equipment 

S.  E.  Tracv  (chairman,  subcommittee),  R.  M.  Baldock,  R.  E.  Berggren,  B.  E.  Cors, 
W.  T. '  Friedline,  W.  T.  Hammond,  Haynie  Hornbuckle,  R.  A.  Hostetter,  H.  E. 
Keniston,  C.  E.  McEntee,  J.  E.  Reynolds,  F.  H.  Smith,  Alfred  Wisman. 

Investigation  has  developed  that  one  more  machine  has  sufficient  distribution  and 
use  to  warrant  writing  instructions  covering  its  care  and  operation.  This  machine  is 
Ballast  Regulator,  Type  3. 

It  is  recommended  that  these  instructions  be  included  in  the  next  edition  of  the 
Handbook. 

BALLAST   REGULATOR— TYPE   3 

DESCRIPTION:  These  machines  are  designed  for  on-track  opera- 
tion and  consist  of  a  power  plant,  heavy-duty  reverse  transmission, 
a  truck-type  four-speed  transmission,  a  two-speed  transfer  case, 
allowing  eight  speeds  in  either  direction  with  drive  to  both  axles. 
The  car  has  a  heavy-duty  frame,  supported  by  four  cast  steel  flanged 
wheels  on  heavy-duty  axles.  Brackets  are  provided  for  mounting  a 
frame  to  carry  the  various  accessories.  The  frames  pivot  at  the 
mounting  brackets,  and  by  use  of  sheaves  and  wire  rope,  accessories 
may  be  raised  to  a  vertical  position  at  the  side  of  the  machine,  and 
by  means  of  a  hydraulic  cylinder  they  may  be  extended  laterally. 
Hydraulic  jacks  are  mounted  beneath  the  car,  so  that  it  can  be 
raised  and  run  off  the  tracks  on  its  transverse  set-off  wheels.  These 
wheels  may  be  hydraulically  powered,  if  desired. 

.ATTACHMENTS:  Scarifiers,  disks,  revolving  broom,  ballast  plow, 
ballast  equalizing  and  dressing  devices. 

USE:  To  improve  drainage  in  ballast  in  the  shoulder  by  the  scari- 
fying and  disking  action;  equalizing  the  distribution  of  ballast, 
reshaping  of  the  ballast  section,  controling  weeds  in  the  shoulders, 
and,  with  the  broom,  to  sweep  snow  from  switches. 

APPROXIMATE  WEIGHT:    17,000  lb 
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DIMENSIONS  (APPROXIMATE) 


H  eight - 

— tcp  ol    rail 

S  It 

LenRth- 

—basic  unit 

12  It 

with  plow 

15  ft  10  in 

with  plow 

and 

broom 

21  ft    Sin 

Width- 

-min 

10  ft    2  in 

max 

21  ft    2  in 

OPERATING  SPEED:   Main  engine— max    2200  ipm 
While  sweeping 

— max  1 500  rpm 

Broom  engine 

— max  2000  rpm 

Travel — covered    by    M.    of    W.    Books    of 

Rules 
Air  compressor        1250  rpm 

HYDRAULIC  SYSTEM:  Capacity,    gallons    

Pressure,  max  1250  psi 

WIRE  ROPE,  HOIST:      ^  x  27  ft 

6  by  M  IPS,  H.C.,  prefcrmed 

CARE   AND   OPERATION: 

Sheaves 

3.4.80  The  operator  should  make  frequent  inspection  of  wire-rope 
sheaves  to  insure  that  the>'  are  free  and  are  getting  proper  lubrica- 
tion. 

3.4.81  Daily  inspection  shall  be  made  of  hose  and  connections  to 
insure  against  leaks  and  damage  by  crushing  or  abrasion  from  con- 
tact with  other  parts  of  the  machine. 

3.4.82  An  approved  hydraulic  fluid  shall  be  used  in  the  hydraulic 
system  on  this  machine  to  insure  proper  operation  and  to  prevent 
damage  to  it. 

Brakes 

3.4.83  The  air-operated  service  brake  and  the  hand-operated 
parking   brake   must   be   kept  in   proper  adjustment. 

3.4.84  The  operator  must  not  leave  the  machine  unattended  with- 
out setting  the  parking  brake. 

Hoisting   Mechanism   and   Attachments 

3.4.85  It  is  the  responsibility  of  the  operator  to  inspect  all  parts 
of  the  hoisting  mechanism  daily  and  to  keep  it  in  gcod  operating 
condition. 

3.4.86  The  operator  is  responsible  for  and  must  make  sure  that 
movable  attachments  are  secured   in   a   clear   position   when: 
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a  Machine  is  traveling  to  and  from  work. 

b  Machine  is  traveling  light  while  at  work. 

c  While  crossing  bridges,  passing  station  platforms  and 
other  places  where  sudden  failure  of  the  hoisting  mechanism 
might  result  in  personal  injury  or  damage  to  property. 

d  When  machine  is  left  unattended  and  the  support  frame 
or  the  attachments  are  not  resting  on  the  ground. 

3.4.87  To  secure  these  attachments  in  the  "up"  or  clear  position, 
operator  must: 

a  Insert  the  two  locking  pins  in  pin  retainers  to  hold 
plow. 

b  Attach  chain  to  each  dressing  wing. 

c  Attach  two  spring  loaded  clamps  to  hold  broom. 

3.4.88  All  employees  must  remain  outside  the  radius  of  the  sup- 
port frames  when  they  are  in  the  raised  position  and  not  securely 
chained. 

3.4.89  When  making  repairs  or  adjustments  to  the  support  frames 
or  attachments,  and  it  is  necessary  to  be  inside  the  radius  of  the 
support  frames  to  do  so,  the  frame  shall  first  be  lowered  to  rest 
and  the  hoisting  wire  rope  shall  be  detached  from  the  frame. 

Riding  on  Machine 

3.4.90  Except  as  may  be  necessary  in  the  performance  of  duty, 
employees  are  prohibited  from  riding  on  this  machine  while  it  is  in 
operation. 

Scarifying 

3.4.91  The  operator  shall  raise  the  support  frames  high  enough 
to  prevent  damage  to  signal  cables,  bootlegs,  and  other  property 
when  passing  over  locations  at  which  they  are  installed. 

Loading 

3.4.92  When  this  machine  is  loaded  upon  the  fiat  car  for  move- 
ment, the  operator  shall  make  sure  that  attachments  are  securely 
fastened  and  are  within  the  clearance  limits  of  the  territory  over 
which  the  machine  will  be  moved. 


Report  on  Assignment  2 

Improvements  to  Be  Made  to  Existing  Work  Equipment 

J.  O.  Elliott  chairman,  subcommittee),  D.  E.  Cowell,  J.  W.  Cummings,  K.  J.  DeCamp, 
H.  D.  Hahn,  J.  E.  Inman,  R.  K.  Johnson,  Jack  Largent,  C.  F.  Montague,  J.  W. 
Risk,  T.  H.  Taylor,  H.  A.  Thyng. 

Your  committee  submits  the  following  report  of  progress  in  the  gathering  of  infor- 
mation pertaining  to  improvements  to  be  made  to  existing  work  equipment. 
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Electric  Grinder 

This  is  a  6-in  portable  electric  grinder  having  a  speed  of  4500  rpm  for  use  with 
electric  welding  on  manganese-steel  work  and  structures. 
Suggested  improvements  to  this  machine: 

1.  Change  design  so  that  the  grease  will  not  channel  on  the  small  pinion  on  the 
armature  shaft. 

2.  Spindle  housing  should  be  made  of  heavier  material  to  prevent  frequent  breaks. 

3.  Armature  shaft  needs  to  be  made  out  of  higher  grade  of  steel  to  give  longer 
life  from  spiral  gear  cut  on  end. 

Gasoline-Motor-Driven  Grinder 

This  is  a  gasoline-motor-driven  ginder  with  surface  grinding  attachment. 
Suggested  improvements  to  this  machine: 

1.  The  sleeve  bearings  used  with  the  track  wheels  on  the  surface  grinder  attach- 
ment should  be  changed  to  ball  bearings  to  lengthen  serviceable  life. 

5-Hp,  3-Phase  Electric  Grinder 

This  a  grinder  with  S-hp,  3-phase,  220-v  or  440-v  motor  for  grinding  head  of  rail 
as  well  as  sides  of  base. 

Suggested  improvements  to  this  machine: 

1.  Replace  present  switch  with  a  push-button  magnetic  starter  mounted  on  the 
wall. 

Rail  Drill 

This  is  a  light-weight  portable  drill  weighing  132  lb  and  powered  by  a  2-hp  air- 
cooled  gasoline  engine  with  6  to  1  gear  reduction. 

Suggested  improvements  to  be  made  to  this  machine: 

1.  Replace  present  springs  used  on  the  eccentric  drive  assembly  with  a  heavy-duty 
spring. 

2.  Change  type  of  material  used  for  coupling  cushion  to  a  material  of  longer  life 
potential. 

3.  Provide  covering  over  drive  coupling  and  shaft. 

Lining  Wire 

Suggested  improvements  to  be  made  to  lining  wire  carriage  wheels: 

1.  Change  style  of  ring  which  holds  bearing  in  carriage  wheel  to  prevent  bearing 
from  coming  out  of  wheel. 

Spike  Driver 

This  is  a  self-contained  spike  driver  which  drives  one  spike  at  a  time,  can  be 
switched  from  one  side  of  rail  to  the  other  readily,  and  is  mounted  on  a  carriage  that 
rolls  along  the  rails. 

Suggested  improvements  to  be  made  to  the  rotor  mechanism: 

1.  Fabricate  one-piece  rotors  from  super  impacto  steel  hardened  by  heat  treat- 
ment to  about  1550  F,  quenching  in  brine  to  provide  longer  service  life  and 
reduce  maintenance  cost. 
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Mechanical   Safety  Locks   for   On-Track   Machines 

Provide  positive  mechanical  locks  for  protection  against  failure  of  operating 
mechanism  while  in  transit  to  prc\ent  fouling  of  track,  highwax'  crossings  or  access 
reads,  etc. 

Emergency    Set-Oflf   Provision   for    On-Track    Machines 

Provide  auxiliary  hand-operated  system  en  all  on-track  equipment  having  a  power- 
operated  track  removal  system  to  permit  removing  equipment  from  track  in  case  of 
power  failure. 

Diagrams   of   Hydraulic  Systems  and  Electrical  Circuits 

Manufacturers  of  machines  using  hydraulic  components  should  furnish  complete 
hydraulic  system  diagram,  listing  all  valves,  etc.,  including  direction  of  flow,  and  in  all 
cases  using  JIC  symbols. 

Manufacturers  of  machines  using  electrical  components  should  furnish  a  complete 
diagram  of  circuits,  using  standard  electrical  symbols. 


Report  on  Assignment  3 

Standardization   of   Parts    and   Accessories   for 
Work  Equipment 

H.    J.   Lieser    (chairman,   subcommittee),   T.   R.   Rigsby,   R.   E.   Buss,    K.   J.   DeCamp, 
E.   W.   Hodgkins,   C.   F.   Hunt,   W.   R.   Jacobs,   Jack   Largent,   G.   J.   Lyon,  V.  W. 

Oswalt,  Sr.,  M.  M.  Stansbury,  Alfred  Wisman,  Jr. 

Railroad  roadway  machines  and  equipment  are  subjected  to  hard  usage,  sometimes 
emergency  repairs  are  required  many  miles  from  adequate  shop  facilities.  It  is  very 
important,  therefore,  that  delays  due  to  repairs  be  reduced  to  the  minimum,  and  it  is 
to   accomplish   this  that  the  following  information  is  presented. 

The  initial  report  will  attempt  to  cover  the  design  and  construction  of  hydraulic 
reservoir  tanks,  including  baffles,  vents,  covers,  and  accessories,  in  the  interest  of 
standardization. 

DESIGN 

Reservoir  tanks  must  be  designed  with  great  care.  Although  the  function  of  a 
reservoir  is  to  supply  an  adequate  amount  of  oil  to  the  entire  hydraulic  system,  and 
help  dissipate  heat  generated  within  the  system,  it  is  more  than  a  vessel  to  contain  oil. 
It  is  here  that  the  oil  has  the  greatest  potential  danger  of  becoming  contaminated.  Reser- 
voirs should  be  completely  enclosed  and  self-contained.  They  may  be  either  an  integral 
part  of  the  machine  or  a  separate  unit  outside  the  housing.  They  should  be  of  sufficient 
size  to  prevent  the  oil  level  from  dropping  dangerously  low ;  it  is  very  important  that 
the  oil  level  in  the  reservoir  never  becomes  so  low  that  it  approaches  the  level  of  the 
intake,  as  this  will  cause  the  pump  to  lose  its  prime  and  draw  in  air.  A  general  rule  is 
that  the  volume  of  oil  in  a  reservoir  should  be  between  two  and  three  times  the  rated 
pump  delivery  and  provide  adequate  space  above  the  normal  oil  level  to  allow  air  that 
may  be  present  in  the  oil  readily  to  escape. 

A  vertical  baffle  plate  should  divide  the  reservoir  into  at  least  two  compartments. 
Its  height  should  be  approximately  two-thirds  that  of  the  normal  oil  level.  In  addition, 
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a  small  opening  at  the  bottom  of  the  baflle  facilitates  equalization  anri  drainage.  This 
baffle  is  installed  to  segregate  as  much  as  possible  the  oil  returning  to  the  reservoir  from 
that  entering  the  suction  line  to  the  pump.  This  allows  the  returning  oil  more  time  to 
separate  out  air  and  other  possible  contaminants,  also  to  permit  the  oil  to  cool  somewhat 
before  it  is  again  picked  up  by  the  pump. 

Return  and  suction  lines  may  enter  the  bottom  or  sides  of  the  reservoir.  However, 
the  return  pipe  should  be  on  the  opposite  side  of  the  baffle  from  the  suction  line.  It  i.= 
desirable  that  these  pipe  ends  be  located  approximately  two  pipe  diameters  off  the  bottom 
of  the  tank  and  cut  at  an  angle  of  approximately  45  deg  at  the  bottom,  which  will 
prevent  the  returning  oil  from  foaming  and  prevent  cavitation  in  the  suction  line. 

It  is  essential  that  a  method  be  provided  to  clean  out  the  reservoir.  This  can  be 
accomplished  by  having  the  top  removable.  If  not,  a  necessary  cleanout  opening  should 
be  provided,  and  so  located  that  all  surfaces  of  the  reservoir  are  within  reach.  The 
removable  top  or  clean-out  opening  must  be  provided  with  proper  gaskets  and  fastened 
securely  to  make  it  air  and  oil  tight. 

An  air  vent  with  a  large  capacity  breather  should  be  installed  on  the  top  of  the 
reservoir  to  which  is  attached  an  air  filter,  preferably  of  the  replaceable  type  capable 
of  10-40  micron  filtration,  to  prevent  atmospheric  dust  from  being  drawn  into  the 
system. 

The  filler  cap  should  have  a  securely  fastened  filling  strainer  of  fine  mesh  wire 
through  which  oil  is  poured.  If  an  air  filter  is  used,  the  cap  itself  should  be  air-tight 
when  closed.  If  no  air  filter  is  used,  then  the  cap  must  have  an  air  breathing  hole  of 
such  design  that  dirt  cannot  easily  enter. 

Provision  should  be  made  for  the  reservoir  to  be  equipped  with  an  oil  level  indicator, 
located  conveniently  on  the  side  of  the  tank  so  the  oil  level  can  be  checked,  for  it  is 
essential  that  the  oil  level  be  watched;  if  it  is  too  high,  air  cannot  separate,  and  if  too 
low,  air  may  be  drawn  into  the  system. 

A  suitable  magnetic  drain  plug  should  be  provided  at  the  bottom  of  the  reservoir 
so  that  complete  drainage  of  the  oil  can  be  accomplished.  The  intake  line  should  be 
provided  with  proper  strainers. 

CONSTRUCTION 

Hydraulic  tanks  can  be  constructed  of  ordinary  mild  steel  plates,  with  a  minimum 
thickness  of  3/16  in.  In  no  case  should  the  frame  be  used  as  the  tank.  Tanks  can  also 
be  made  of  cast  iron  or  cast  steel,  but  they  are  more  expensive  to  manufacture  and 
more  difficult  to  clean  properly  because  of  the  porosity  of  the  metal.  If  plate  is  u.sed, 
treatment  will  be  required;  moreover,  plate  that  has  been  stored  will  require  "pickling" 
or  perhaps  "sandblasting"  before  being  acceptable  for  tank  fabrication. 

To  eliminate  difficulty  in  fabrication  by  welding,  plates  should  be  overlapped  instead 
of  butt  welded.  This  will  permit  welding  on  the  outside  of  the  tank  rather  than  on  the 
inside,  and  cleaning  of  the  interior  will  be  much  easier.  To  insure  that  no  weld  failures 
occur  due  to  vibration,  it  is  recommended  that  all  joints  in  the  tank  proper  be  electric- 
arc  welded  with  a  procedure,  either  automatic  or  manual,  that  will  yield  a  100  percent 
penetration,  and  a  weld  deposit  low  in  hydrogen,  and  insure  a  minimum  sensitivity  to 
porosity,   which   could   result  in   leaks. 

Since  oil  tanks  or  reservoirs  are  at  atmospheric  pressure,  normall\  they  can  be  tested 
with  an  air  pressure  of  about  10  p.si.  However,  all  welded  joints  for  service  above 
2500  psi  should  be  stress  relieved.  Further  information  on  this  will  be  given  when 
pressure  tanks,  heat  exchangers  and  accumulators  are  tliscussed. 
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Commercial  pipe,  conforming  to  the  requirements  of  ASTM  specifications,  designa- 
tion A  106  (B),  seamless  low-carbon  steel  tubing,  welded  steel  tubing,  and  flexible  hose 
are  the  most  common  types  of  connections  used  between  the  components  of  a  hydraulic 
system  for  flow  of  fluids.  The  circuit  piping  must  be  carefully  planned  and  installed  to 
prevent  a  serious  power  loss,  a  harmful  contamination  of  the  oil,  or  premature  failures 
due  to  inadequate  energy  carrying  capacity.  It  should  have  adequate  strength  to  with- 
stand additional  pressure,  including  surge  pressure  within  the  safety  limits  of  the  entire 
circuit.  Lines  should  be  as  short  and  straight  as  possible  between  connections,  although 
some  allowance  should  be  made  for  vibration  and  thermal  contraction  and  expansion. 

Hydraulic  connections  for  the  lines  can  be  made  by  engaging  pipe  threads,  with  a 
recommended  hydraulic  sealing  compound  for  maximum  sealing,  but  compound  should 
not  be  applied  closer  to  the  end  of  the  pipe  than  three  threads. 

Solderless  pipe  connections  that  can  be  used  are:  flared,  flareless,  self -flaring,  flanged 
or  equivalent.  The  performance  of  any  type  of  fitting  used  should  equal  or  exceed  the 
requirements  of  MIL-F-S506.  When  flared-type  fittings  are  used,  which  require  a  flaring 
tool,  the  angle  of  flare  and  other  flare  dimensions  shall  be  in  accord  with  military 
service  specification  33584.  When  flared-type  fittings  are  used,  the  construction  of  the 
tube  end,  i.e.,  the  tubing  end  of  the  connector  body,  nut  and  sleeve  when  used,  should 
be  37  deg  from  center,  74  deg  including  angle,  and  should  conform  to  MIL-F-5509  for 
minimum  performance  requirements. 

Fittings  that  incorporate  separate  synthetic,  or  metal-to-metal  seals,  or  seals  that 
seal  with  pressure,  should  be  equipped  with  unified  national  fine  straight  thread  port 
connections.  Fittings  that  incorporate  synthetic  or  metal-to-metal  seals,  or  seals  that  seal 
with  pressure,  may  be  used  with  pipe  thread  port  connections. 

All  hydraulic  connections  should  be  so  designed  and  installed  as  to  permit  quick 
removal  and  reassembly  by  means  of  hand  tools. 

All  hydraulic  lines,  fittings,  oil  passages,  cored  holes,  or  drilled  holes,  should  be 
free  of  burrs  or  foreign  matter  which  might  cause  damage  to  any  hydraulic  unit  or 
contamination  of  the  hydraulic  fluid. 

Each  hydraulic  line  run  should  be  integral  and  continuous  from  one  piece  of  appara- 
tus to  another.  Couplings  should  be  used  only  where  necessary  for  length  and  assembly. 
Hydraulic  runs  should  be  removable  without  dismantling  equipment  components. 

All  piping  should  be  securely  supported  to  avoid  vibration  or  movement.  Tubing 
lengths  between  supports  should  be  as  specified  in  the  Joint  Industry  Conference  on 
Hydraulic  Standards  for  industrial  equipment.  Points  of  contact  or  support  on  the  out- 
side of  the  piping  should  be  designed  so  that  they  will  not  damage  it.  Piping  should  not 
be  welded  to  supports. 

Hydraulic  lines  should  not  be  placed  in  a  location  on  the  machine  where  they  will 
interfere  with  the  adjustment,  repair,  or  replacement  of  controls  or  units.  Piping  con- 
nections should  be  readily  accessible  for  maintenance. 
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Report  on  Assignment  4 

Air   Cleaners   and   Fuel   and   Oil   Filtering   Systems 
for  Internal  Combustion  Engines 

M.  E.  Kerns  (chairman,  subcommittee),  R.  M.  Johnson,  J.  O.  Elliott,  L.  E.  Conner, 
E.  H.  Fisher,  W.  T.  Friedline,  W.  T.  Hammond,  W.  F.  Kohl,  W.  E.  Kropp,  W.  M. 
Lutts,  C.  E.  McEntee,  J.  E.  Reynolds,  F.  E.  Short,  C.  R.  Turner. 

This  is  a  final  report,  submitted  as  information. 

Filtration  is  an  art.  That  it  dates  back  as  far  as  the  histories  of  China  and  Egypt 
has  been  documented.  The  efforts  of  primitive  people  were  centered  on  the  clarification 
of  beverages.  The  fundamentals  that  governed  at  that  time  still  prevail. 

There  are  only  three  methods  of  filtration: 

Sedimentation 

Straining 

Adsorption 

Sedimentation  is  effected  by  allowing  the  liquid  to  stand  undisturbed  to  permit 
solids  to  precipitate.  The  clear  liquid  can  then  be  syphoned  or  skimmed  off. 

Straining  is  the  art  of  forcing  the  liquid  through  a  fabric  with  openings  smaller 
than  the  particles  which  are  to  be  excluded.  This  method  works  well  for  removal  of 
coarse  particles,  but  is  impractical  for  finely  divided  matter. 

Adsorption  is  the  removal  of  solids  by  attraction.  This  method  usually  employs  a 
mass  of  fibrous  material  of  considerable  depth  through  which  the  liquid  may  flow, 
searching  its  way  through  the  devious  passages.  Solids  carried  in  suspension  are  inti- 
mately exposed  to  the  fibers  and  attach  themselves  to  their  surfaces,  which  have  a 
compelling  attraction. 

Lube  Oil  Filters 

Sedimentation  is  not  applicable  to  filtration  of  crankcase  oils  in  an  engine.  It  is 
bound  to  happen  when  the  engine  stands  for  any  length  of  time,  particularly  when  water 
or  other  catalysts  are  present.  This  results  in  sludging,  with  heavy  build-ups  possible  in 
the  bottom  of  the  oil  pan,  the  push-rod  chamber  and  the  timing-gear  case. 

Straining  in  a  modified  form  is  accomplished  with  paper  or  extended-area  cartridges. 

Adsorption  is  the  method  used  by  depth-type  filters,  although  it  also  occurs  with 
the  extended-area  type  after  a  sludge  bed  becomes  built  up  on  their  surfaces. 

Oil  becomes  contaminated  in  three  ways: 

(1)  Residual  dirt  left  in  the  engine  during  manufacture. 

(2)  Products  of  oil  deterioration. 

(3)  Dust  entering  through  the  carburetor  intake  and  around  the  various  seals. 

We  are  much  concerned  with  removal  of  the  dirt  "built-in"  during  manufacture  or 
overhaul;  most  of  this  type  of  dirt  is  composed  of  relatively  large  particles,  mostl> 
core  sand  and  metal  chips.  The  most  practical  way  to  get  this  removed  in  a  hurry  is  to 
provide  a  full-flow  type  of  filter,  with  an  element  that  has  a  high  flow  rate  through 
which  all  or  nearly  all  of  the  oil  may  pass. 

Space  limitations  and  costs  are  responsible  for  the  use  of  small  full-flow  filters. 
While  they  are  large  enough  to  take  care  of  the  engine's  needs  during  the  warranty 


296 Maintenance    of    Way    Work    Equipment 

period  and  to  remove  the  "built-in"  dirt,  they  are  altogether  too  small  for  economical 
operation  of  maintenance  of  way  work  equipment  working  in  a  dirty  atmosphere. 

Theoretically,  the  extended-area  type  of  cartridge  should  remove  abrasive  particles 
ill  the  20  micron  range  and  greater.  The  pore  size  is  large  enough  to  let  soft  carbonaceous 
matter  pass  through  so   the  oils  at  all  limes  are  black. 

If  the  extended-area  type  of  cartridge  picks  up  enough  of  the  finely  divided  material 
to  build  a  sludge  bed,  then  of  course  it  will  take  out  all  the  solid  matter,  no  matter 
how  finely  divided.  When  this  happens,  the  flow  is  seriously  affected  and  it  actually 
resolves  itself  into  an  inferior  type  of  partial-fiow  filter. 

Partial-flow  filters  are  nearly  all  of  the  depth  type  and  are  designed  to  hold  the 
oil  to  a  high  degree  of  visual  clarity.  Most  of  the  oils  available  today  will  respond  to 
color  filtration,  and  the  condition  of  the  oil  is  immediately  apparent  by  examination 
ot  the  dip  stick.  Of  course,  no  matter  how  poorly  or  how  cheaply  an  article  is  made, 
someone  can  always  make  one  a  little  worse  and  a  little  cheaper.  The  price  structure 
on  some  of  the  very  large  cartrMges  is  such  that  a  number  of  manufacturers  have 
resorted  to  the  use  of  inferior  filtering  media.  Cotton  is  considered  to  be  one  of  the 
materials  having  the  greatest  affinity  for  crankcase  solids.  Most  of  the  filters,  made  of 
cotton,  use  white  thread  waste.  Some  use  colored  thread,  which  is  not  equal  in  value 
to  the  white  thread  because  of  the  processing  through  which  it  has  passed.  No  matter 
what  its  form,  however,  cotton  is  far  superior  as  a  filtering  media  to  any  ether  material. 
Today  we  find  many  cartridges  made  of  sawdust,  chopped-up  newspaper,  excelsior, 
chopped-up  building  paper  or  roofing  felt,  chopped-up  corrugated  cartons  and  similar 
rubbish.  These  cartridges  enter  the  market  because  of  the  belief  that  all  oils  should  be 
black.  It  can  be  depended  upon  that  where  these  cartridges  are  used,  the  oil  will 
be  black. 

Equipment  that  is  put  into  the  hands  of  those  whose  main  interest  is  in  the  work 
they  produce,  rather  than  the  condition  of  the  equipment,  always  poses  maintenance 
problems.  For  equipment  of  this  nature,  large  partial-flow  filters  do  much  to  keep  the 
oil  and  engine  in  condition.  A  filter's  function  is  to  remove  the  dirt  as  fast  as  it  is 
introduced.  When  it  has  collected  sufficient  dirt  so  that  it  can  no  longer  do  this,  it 
should  be  changed.  The  use  of  gages,  which  will  register  the  resistance  or  pressure  drop 
across  the  cartridge,  can  be  used  as  a  reminder  that  the  oil  filter  cartridge  needs  replacing. 
Their  cost  is  nominal,  and  they  can  mean  the  difference  between  an  engine  failure  and 
uninterrupted   performance. 

Fuel  Filters 

Many  things  have  happened  in  the  last  few  years  to  bring  fuel  filters  into  promi- 
nence. Carburetors  must  be  kept  free  of  gum  and  abrasives.  Also,  the  great  increase  in 
displacement  rules  out  the  use  of  the  old  ceramic-type  filter.  Modern  engines  can  consume 
great  quantities  of  gasoline  in  short  periods  when  operated  at  full  throttle.  For  this 
reason,  some  manufacturers  are  using  "inline"  gas  filters,  rather  than  the  old  ceramic 
strainer  and  sediment  bowl  type.  These  filters  employ  resin-impregnated  pleated  paper 
elements.  Some  are  equipped  with  magnets  and  have  extremely  high  flow  capacity  when 
new.  The  introduction  of  a  small  amount  of  gum  wiU  soon  curtail  the  flow  rate,  and 
one  tankful  of  really  bad  gasoline  can  be  enough  to  plug  up  the  gasoline  filter  to  the 
point  where  it  will  not  function  at  all.  This  is  the  penalty  that  must  be  paid  for  a  high 
degree  of  efficiency.  The  engines  won't  operate  without  the  filter  and  there  is  no  way 
to  by-pass  the  gasoline  around  them.  They  have  to  be  changed  as  there  is  no  way  of 
connecting  the  open  ends  of  the  line  without  the  filter. 
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There  is  great  activity  in  liie  diescl  fuel  filtration  field.  The  demand  lor  high-grade 
fuel  for  jet  usage  is  affecting  the  quality  of  fuel  that  is  available  for  ground  vehicles. 
.•\  lot  of  low-grade  fuel  has  been  placed  on  the  market,  most  of  which,  even  with  its 
lower  price,  has  proved  to  be  anything  but  a  bargain. 

Handling  adds  to  the  problem,  particularly  where  fuel  is  delivered  in  drums  which 
are   opened   in   dusty   areas.   Fungus   in   tanks  and   containers  is  also  posing  a   problem. 

Engine  manufacturers  have  been  asking  for  tighter  and  tighter  filtering  media.  Most 
of  these  cartridges  are  made  of  resin-impregnated  paper,  and  for  many  years  a  paper 
in  the  nature  of  40  microns  was  satisfactory;  but  today  it  is  necessary  to  use  papers 
of  10  microns  and  under.  Even  with  these  papers,  there  still  is  difficulty.  Much  of  the 
trouble  is  in  the  fuel  rather  than  in  the  filter,  and  the  filter  is  unable  to  accomplish 
much  as  a  corrective. 

One  filter  has  been  int reduced  on  a  trial  basis  that  will  exclude  all  solid  matter 
down  to  sub-micronic  size.  These  have  been  either  very  successful  or  a  total  failure, 
depending  on  the  application.  When  gums  are  present,  this  filter  has  coated  over  and 
caused  flow  to  cease  in  a  very  short  time.  It  has  held  out  all  solid  matter,  no  matter 
how  finely  divided.  How  successful  this  is  going  to  prove  is  yet  to  be  seen.  In  the  fu^l 
filtration  field,  the  problems  are  developing  faster  than  the  correctives,  so  some  trouble-; 
can   be  expected. 

Air  Filters 

For  many  years  engines  have  been  successfully  protected  with  the  use  of  oil-wetted 
or  oil-bath  air  filters.  The  oil  bath  is  the  most  efficient  of  the  two,  generally  registering 
better  than  98  percent  efficiency.  The  change  in  design  of  the  modern  automobile 
demanded  that  the  hood  line  be  dropped,  and  when  this  was  done  there  was  no  longer 
space  for  the  oil-bath  air  cleaner.  This  brought  about  the  dry-type  or  paper  air  filter. 
This  can  be  made  small  and  flat  so  that  it  can  be  placed  under  the  hood,  and  its 
efficiency  is  higher  than  99  percent. 

The  high  efficiency  of  the  dry-type  air  filter  led  to  its  use  on  much  heavy  equip- 
ment. It  requires  less  space  than  the  oil-bath  type  and  docs  not  require  such  frequent 
maintenance. 

Equipment  that  is  away  from  its  service  base  for  extended  periods  is  usually  better 
protected  with  a  dry-type  filter.  A  large  enough  filter  or  a  plurality  of  filters  may  be 
used  so  servicing  will  not  be  required  for  long  periods.  They  can  be  equipped  with  a 
load  indicator  which  is  visually  read  and  operates  by  the  vacuum  created  between  the 
manifold   and   the   filter. 

Certain  railroads  have  had  a  definite  program  in  regard  to  filters  in  effect  for  year* 
and  have  doubled  and  tripled  the  time  between  rebuilding  of  engines.  They  have 
standardized  on  three  sizes  of  by-pass  or  partial  oil  filters.  They  have  standardized 
on  three  sizes  of  dry-type  air  filters  equipped  with  visually  read  indicators.  They  are  in 
the   process  of  standardizing  on  a  gasoline   filter. 
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Report  on  Assignment  5 

Automation    of    Maintenance    of    Way    Equipment 

J.  W.  Winger  (chairman,  subcommittee),  R.  M.  Johnson,  N.  W.  Hutchison,  R.  M. 
Baldock,  R.  O.  Cassini,  L.  E.  Conner,  J.  E.  Inman,  H.  D.  Jordan,  H.  F.  Longhelt. 
A.  W.  Munt,  J.  W.  Risk,  F.  N.  Snyder,  J.  P.  Titus,  F.  E.  Yockey. 

Your  committee  submits  the  following  report  of  progress  in  the  collection  of  infor- 
mation pertaining  to  automation  of  surfacing  devices  used  with  and  attached  as  an 
integral  part  of  multiple  production  tampers. 

The  evolution  of  tamping  and  surfacing  track  in  general  has  progressed  from  pick- 
fork  hand  methods  through  mechanical  tamping  and  hand  jacking  to  mechanical  tamp- 
ing and  mechanical  jacking.  Until  recently,  the  mechanical  packing  was  done  with  a 
separate  machine,  but  it  was  only  natural  and  practical  that  these  operations  should  be 
combined  for  improved  efficiency. 

The  purpose  of  this  study  will  be  to  familiarize  the  potential  users  with  the  type 
of  equipment  which  is  available,  its  specifications,  and  operations.  It  will  include  produc- 
tion tampers  equipped  with  automatic  jacking  and  leveling  devices  as  an  integral  part 
of  the  basic  tamper.  This  concept  has  come  only  recently  into  actual  production 
equipment. 

The  future  is  certain  to  produce  a  better  machine  and  different  methods;  therefore, 
we  should  view  these  and  all  future  machines  with  the  idea  in  mind  of  how  we  all  can 
improve  them  to  obtain  the  most  for  the  least. 

Considerable  information  is  being  collected  this  year  on  several  of  these  new  com- 
bination track  machines.  The  results  will  be  submitted  next  year  in  a  complete  report. 


Report  on  Assignment  7 

Equipment    for    Chemical    and    Mechanical    Weed 
and  Brush  Control  Methods 

T.  R.  Rigsby  (chariman,  subcommittee),  R.  E.  Buss,  L.  B.  Cann,  Jr.,  Emil  Eskengren, 
H.  D.  Hahn,  E.  W.  Hodgkins,  Jr.,  W.  E.  Kropp,  H.  J.  Lieser,  C.  F.  Lewis, 
H.  F.  Longhelt,  W.  M.  Lutts,  G.  J.  Lyon,  H.  C.  Pottsmith,  F.  N.  Snyder, 
J.  E.  Sunderland,  Jr.,  F.  E.  Yockey. 

EQUIPMENT  FOR   THE  USE  OF  CHEMICAL 

Your  committee  submits  this  report  as  a  continuation  of  previous  reports  found  in 
Vol.  45,  page  102  of,  the  AREA  Proceedings. 

(1)  Probably,  one  of  the  newest  machines  on  the  market  for  spraying  liquid  chem- 
ical is  designed  to  combine  air  and  hydraulic  spray.  A  4-cylinder  air-cooled  engine  is 
used  to  drive  a  high-speed  blower  fan  delivering  46,500  cpm  of  air  at  a  maximum  outlet 
velocity  of  10,200  fpm,  or  116  mph,  at  a  distance  of  approximately  80  ft.  This  removes 
the  air  presently  on  the  right-of-way  and  replaces  it  with  air  laden  with  chemical.  The 
hydraulic  spray-nozzle  manifold  is  in  front  of  a  hinged  air  outlet  which  is  connected 
to  the  blower  unit  with  a  bellows.  The  hinged  air  outlet  is  controlled  by  a  double-acting 
hydraulic  cylinder  and  4-way  valve  which  can  be  raised  or  lowered  to  a  45-deg  angle 
from  a  horizontal  position. 
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This  machine  is  mounted  on  a  turntable  that  rotates  on  a  scaled  ball  bearing,  which 
makes  it  possible  for  spraying  forward  or  backward  at  a  45-deg  angle.  One  man  operates 
this  machine  while  seated  close  to  an  automatically  controlled  panel.  The  wheels  in  front 
of  the  seat  are  used  to  rotate  the  machine,  and  air-actuated  valves  are  used  to  control 
each  spray  nozzle.  There  is  also  a  master  valve  to  control  the  entire  chemical  flow. 
The  spray  manifold  is  easily  removed  for  quickly  setting  up  for  application  rates  of  SO, 
150,  and  300  gal  per  acre  at  a  travel  speed  of  10  mph  under  normal  wind  conditions. 
A  4-in  centrifugal  pump  is  used  to  furnish  the  chemical  to  the  spray  manifold. 

These  machines  can  be  mounted  on  top  of  a  box  car  by  lowering  a  portion  of  the 
roof  approximately  3  ft  placing  the  pumping  unit  inside  the  car,  or  can  be  mounted  on 
any  other  equipment  capable  of  accommodating  a  unit  of  this  size.  The  dimensions  of 
these  machines  are:  overall  height  of  basic  unit  S3'>^  in,  overall  width  67 1^  in,  overall 
length  approximately  79  in.  These  machines  are  also  available  in  one-man-operated  dual 
units  for  spraying  on  either  or  both  sides  of  the  track. 

(2)  There  are  also  available  two  on-track  spray  machines  for  spraying  liquid  chem- 
ical in  yards,  on  passing  tracks  and  on  main  lines.  On  of  these  is  a  large  self-propelled 
machine  powered  with  a  heavy-duty  gasoline  or  diesel  engine.  It  has  spray  nozzle  mani- 
folds in  three  sections  that  can  be  operated  simultaneously  or  separately  by  the  use  of 
air-actuated  valves.  The  spray  nozzles  reach  across  the  entire  roadbed.  This  machine 
is  equipped  with  two  pumps  driven  by  a  heavy-duty,  two-cylinder,  air-cooled  engine — 
one  pump  for  loading  and  agitation  and  the  other  for  spraying.  It  has  a  large  enclosed 
cab  and  a  tank  capacity  of  2600  gal;  it  is  also  available  with  a  trailer  tank  equipped 
with  a  loading  pump  and  having  a  capacity  of  3000  gal. 

The  other  is  a  smaller  machine  with  one  pump  that  is  used  for  loading  and  spraying. 
This  machine  has  a  1000  gal  tank  capacity  with  three  spray  manifolds  and  is  towed 
by  a  hea\y-duty  motor  car.  It  is  also  available  with  a  trailer  tank  with  a  1000-gal 
capacity. 

(3)  Another  machine  for  spraying  liquid  chemical  in  yards,  at  grade  crossings. 
around  buildings  and  storage  areas  is  mounted  on  pneumatic  tires,  or  is  skid  mounted 
for  easy  loading  on  push  cars  or  trucks.  This  sprayer  is  furnished  with  hose  and  spray 
gun  or  spray  boom  for  yard  work.  The  tank  is  coated  with  fire-cured  epoxy  to  resist 
the  corrosive  action  of  the  chemical.  There  are  different  models  available,  with  tank 
capacities  ranging  from  200  to  1000  gal,  and  pump  capacities  from  10  to  50  gpm.  It  i.s 
powered  by  a  heavy-duty,  air-cooled  engine  at  pressures  from  0  to  800  psi. 

(4)  Another  sprayer  for  the  application  of  dry  chemical  around  bridges,  yards,  etc., 
where  dry  chemical  is  preferred,  has  a  tank  capacity  of  approximately  500  lb.  The 
chemical  is  forced  from  the  tank  by  the  use  of  a  60-cfm,  air  compressor  connected  to 
the  chemical  tank.  Two  pressure  regulators  and  a  4-way  valve  regulate  the  flow  of 
chemical  through  a  ^-in  hose  and  nozzle  made  of  1J4  in  conduit  that  is  flattened  on 
the  end  for  a  wider  spray. 

THE  USE  OF  MECHANICAL  EQUIPMENT 

(5)  Some  railroads,  when  immediate  relief  is  required  in  troublesome  spots  where 
brush  is  in  the  communication  wires,  are  utilizing  bulldozers  to  push  the  brush  from 
beneath  the  wires.  In  this  method  the  brush  is  completely  removed  from  beneath  the 
wires  and  in  doing  so  the  right-of-way  can  be  sloped  for  better  drainage. 

(6)  Another  machine  used  in  brush  control  through  mechanical  methods  is  a  four- 
wheel  hydraulically  propelled  machine  equipped  with  two  7-ft  high-speed  hydraulically 
driven  chain  saws.  The  saws  are  mounted  on  hydraulically  controlled  pantograph  arms 
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reaching  out  as  far  as  21  ft  from  the  track  center.  The  saws  can  be  positioned  at  any 
angle  to  cut  brush  down  the  shoulder  of  a  fill,  out  on  the  level  or  up  on  the  slope  of 
a  cut.  It  will  cut  trees  up  to  6^  in.  in  diameter.  This  is  done  by  momentarily  stopping 
the  machine  and  using  the  arm  swing  cylinder  to  move  the  saw  through  the  trees  as 
the  cutting  progresses.  The  saws  are  lubricated  continuously  by  a  gear-type  pump  with 
a  52-gal  reservoir.  A  brush  killer  may  be  added  to  the  lubricating  solution  to  obtain 
further  control  of  the  area  being  cut.  This  hydraulically  propelled  machine  has  foot-pedal 
control  for  all  speeds  from  0  to  27  mph.  The  specification  of  this  machine  are  as  follows: 
engine,  3-cylinder,  2-cycle  diesel,  78  hp  at  2000  rpm;  30-gal  capacity  fuel  tank,  propelled 
by  variable-volume  piston  pump  driving  piston-type  hydraulic  motor  coupled  to  enclosed 
right-angle  gear  box  mounted  on  each  axle  for  reversible  4-wheel  drive;  90-gal  hydraulic 
tank  capacity;  two  double-vane-type  pumps  (one  for  each  side),  V-belt  driven  from 
power  take  off  on  engine;  hand-powered  pump  to  all  cylinders;  two  7-ft  long  with  ^-in 
pitch  chain  saws  powered  by  hydraulic  motors  at  4200  ft  per  min.  Chassis  includes  steel 
roof  and  front  windshields  with  two  safety  glass  windows;  l6-in  steel  demountable 
insulated  wheels;  two  iV-in  axles  with  double-row  tapered  roller  bearings;  hydraulically 
powered  turntable  jack;  wheel  base  77  in,  overall  length  150  in,  width  114  in,  height 
110  in,   weight    11,500  lb. 

This  equipment  can  also  be  mounted  on  trucks  for  off-track  cutting. 

(7)  Another  machine  commonly  used  by  railroads  is  a  four-wheel  rubber-tired 
tractor  with  independent  hydrauHcally  operated  sickle  bar  mounted  on  the  side,  and 
various  sizes  of  rotarv  cutters  mounted  on  a  tractor. 


Report  on  Assignment  8 

Equipment  for  the  Control  and  Performance  of  Jacking 
in   Track    Surfacing   Operations 

N.  W.  Hutchison  (chairman,  subcommittee),  R.  E.  Berggren,  R.  O.  Cassini,  A.  C. 
Banks,  C.  F.  Hunt,  H.  D.  Jordan,  Wm.  Lenco,  A.  W.  Munt,  G.  E.  Roberts. 
M.  M.  Stansbury,  S.   E.  Tracy,  J.  W.  Winger,  G.  L.  Zipperian. 

This  is  a  progress  report,  presented  as  information. 

Your  committee  recognizes  the  fact  that  equipment  for  the  control  and  performance 
of  jacking  in  track  surfacing  operations  has  been  in  general  use  for  some  time,  and  that 
the  members  of  this  Association  who  have  any  interest  in,  or  control  of  work  equipment, 
are  more  or  less  familiar  with  such  equipment.  However,  due  to  the  importance  of  track 
surfacing  operations,  and  the  fact  that  equipment  for  surfacing  may  be  thought  of  as 
being  currently  "in  the  limelight",  it  seemed  desirable  to  acquaint  the  membership  more 
fully  with  the  various  types  of  such  equipment  that  are  available. 

Another  subject  being  studied  by  this  committee  is  that  of  automatic  multiple 
tampers  which  not  only  tamp  the  ties  but  also  raise  the  track  for  tamping.  Therefore, 
the  report  of  this  subcommittee  will  confine  itself  to  those  machines,  generally  referred 
to  as  tamper  jacks,  which  raise  the  track  in  advance  of  one  or  more  multiple  tampers; 
also  the  various  attachments  and  devices  of  which  this  committee  has  knowledge,  that 
are  used  in  conjunction  with  tamper  jacks  and  that  indicate  to  the  tamper  jack  operator 
how  much  each  rail  must  be  raised  to  achieve  the  desired  elevation  and  cross  level. 
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TAMPER  JACKS 

While  a  considerable  number  of  different  types  of  tamper  jacks  are  being  marketed, 
each  has  for  its  principle  objective  the  raising  of  track  at  specific  jacking  stations,  and 
tamping  one  tie  at  each  station  to  hold  the  track  in  the  desired  position  for  out-of-face 
surfacing  by  one  or  more  multiple  tampers  which  follow.  The  tamper  jacks,  with  or 
without  the  sighting  devices,  may  be  used  for  track-raising  purposes  other  than  out- 
of-face  surfacing.  Fig.  1  illustrates  a  spot  tamper  being  used  as  a  tamper  jack,  with  -i 
"wire  attachment";   Fig.  2  shows  a  tamper  jack  with  a  switch  raising  attachment. 

Essentially,  all  tamper  jacks  are  self-propelled,  operated  by  one  man,  and  raise  the 
track  through  the  medium  of  two  individually  controlled  hydraulic  rams,  equipped  at 
their  lower  extremities  with  base  plates  which  push  against  the  ballast,  either  inside  or 
outside  the  rails,  the  machine  being  anchored  to  the  track  by  rail  clamps.  While  the 
track  is  held  in  position,  one  tie  ahead  of  the  tamper  jack,  or  under  it,  is  tamped  by  one 
of  a  variety  of  methods,  and  with  one  of  several  varieties  of  tamping  tools,  depending 
upon  the  make  of  tamper  jack  being  used. 

On  most  of  the  tamper  jacks  the  rail  clamps  are  applied  to  the  head  of  the  rail, 
although  one  manufacturer  also  provides  clamps  which  fit  under  the  rail  base.  In  at 
least  one  case  the  clamps  engage  the  rail  automatically  as  the  base  plates  are  lowered 
into  the  ballast  cribs,  and  are  released  automatically  when  the  lifting  rams  are  raised. 
With  one  exception,  these  machine  have  two  individually  controlled  tamping  heads, 
which  are  lowered  and  raised  hydraulically,  and  which  exert  down-pressure  during  the 
tamping  process. 

There  is  a  wide  variety  in  the  number  of  tamping  tools  mounted  on  tamper  jacks, 
in  their  position,  and  in  their  method  of  tamping.  Most  of  these  machines  employ,  to 
some  extent,  the  technique  of  vibration  and  force  to  place  the  ballast  under  the  ties, 
the  force  being  applied  either  pneumatically,  electrically,  hydraulically,  or  by  gravity. 
Some  of  the  machines  tamp  outside  the  rail  only;  one  machine  tamps  inside  the  rail 
only,   and   one   both  inside  and   outside. 

Tamper  jacks  generally  are  powered  by  a  gasoUne  engine  as  standard,  with  a  diesel 
engine  as  an  optional  extra;  in  at  least  one  case  a  diesel  engine  is  offered  as  standard 
equipment.  Propulsion  is  hydraulic,  and  all  have  braking  systems.  Most  of  the  machines 
are  equipped  with  sun  and  rain  roofs,  built-in  levels,  and  set-off  devices. 

One  make  of  tamper  jack  is  equipped  with  tie  nippers,  and  also  can  be  furnished 
with  a  switch   raising  attachment. 

All  of  the  tamper  jacks  manufactured  are  adaptable  for  use  with  one  or  more  devices 
intended  to  inform  the  tamper  jack  operator  how  much  he  should  rai.se  the  track. 
Such  devices  are  designed  to  eliminate  from  the  surfacing  operations  the  usual  track 
jacks,  spot  board,  sighting  block,  and  track  level.  The  various  known  types  of  these 
devices  are  briefly  described  below. 

RAISING   DEVICES  DESIGNED   FOR   USE  WITH  TAMPER  JACKS 

Wire  Attachment 

It  is  probable  that  the  device  most  widely  used  with  tamper  jacks  is  the  one  fre- 
quently referred  to  as  the  "wire  attachment",  illustrated  in  Fig.  3.  This  device,  through 
the  use  of  a  tightly  drawn  steel  piano  wire,  125  ft  in  length,  forms  a  reference  line  with 
the  top  of  the  grade  rail.  The  overall  length  of  the  wire,  because  of  the  fact  that  it 
passes  through  the  tamper  jack  over  both  rails,  is  approximately  250  ft.  The  ends  of  the 
wire  are  mounted  on  four-wheel  carriages  held  apart  from  each  other  by  a  series  of 
two-wheel  buggies.   Two   pointers  and   a   cross  level   are   mounted   on   the   tamper  jack 
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Fig.   1 — Spot  tamper  using  wire  attachment. 


Fig.  2 — Tamper  jack  with  switch  raising  attachment. 
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Fig.  3 — Tamper  jack  with  wire  attachment. 


Fig.   4 — Tamper  jack  with  beam-type  surfacing  device. 
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directly  in  front  of  the  operator,  at  a  point  25  ft  from  the  rear  wire  support.  Only  the 
pointer  in  contact  with  the  wire  over  the  grade  rail  is  actually  read;  the  other  is  locked 
out  of  position.  The  wire  actuates  the  pointer  as  the  tamper  jack  and  carriage  move 
forward  to  the  next  jacking  station,  indicating  on  the  pointer  scale  in  front  of  the 
operator  the  amount  the  track  is  to  be  raised.  The  level  bubble  indicates  the  cross  level 
of  the  track. 

To  set  this  device  up  for  cperation,  the  height  of  the  wire  at  both  the  front  and 
rear  carriages  is  adjusted  to  a  zero  reading  above  the  grade  rail,  and  the  pointer  mechan- 
ism at  the  tamper  jack  is  adjusted  to  the  correct  height  to  allow  for  wire  sag.  The 
amount  of  raise  is  then  set  by  adjusting  the  wire  height  at  the  front  carriage  above 
zero  by  the  amount  of  raise,  leaving  the  rear  carriage  adjustment  at  zero.  Except  for 
run-offs,  and  for  raising  curved  track,  no  further  adjustments  are  necessary. 

In  raising  through  curves,  the  low  rail  is  used  as  the  grade  rail,  and  superelevation 
is  carried  in  the  high  rail;  also,  frequent  adjustments  must  be  made  in  the  support  bar.^ 
on  the  front  and  rear  carriages,  and  in  the  pointer  mechanism,  when  entering  or  leaving 
a  spiral,  or  in  a  compound  curve.  The  superelevation  required  at  any  particular  jacking 
location  is  obtained  by  setting  the  cross  level  on  the  tamper  jack. 

The  assembly  and  dismantling  of  the  various  parts  of  this  type  of  surfacing  device 
are  relatively  simple,  and  the  carriages  and  buggies,  being  constructed  of  aluminum, 
may  be  placed  on  and  off  the  track  quite  easily  by  two  men,  or  by  one  man  if  necessary. 

Beam  Type 

One  tamper  jack  manufacturer  is  marketing  a  device  which  it  refers  to  as  a  "beam", 
or  "electronic  surfacing  device",  and  which  differs  from  other  raising  methods  in  that 
two  forward  reference  points,  or  "carts",  are  used  in  front  of  the  tamper  jack  instead 
of  one.  This  design  is  claimed  to  permit  a  considerably  lower  raise  than  is  possible  with 
other  surfacing  devices.  It  is  shown  in  Fig.  4. 

This  beam  type  surfacer  consists  essentially  of  two  34 -ft  aluminum  structural  beams 
forward  of  a  tamper  jack,  and  a  short  beam  attached  to  the  rear  of  the  reference  beam 
and  extending  to  a  four-wheel  cart  behind  the  tamper  jack,  which  beams  may  be  placed 
over  that  rail  selected  as  the  grade  rail.  A  simple  linear  potentiometer  is  located  at  the 
hinge  point  between  the  two  forward  beams,  and  between  the  nearest  of  these  beams 
and  the  hinge  point  at  the  front  of  the  tamper  jack.  The  hinge  point  at  the  front  of  the 
tamper  jack  is  supported  on  a  roller  which  rides  on  the  rail  and  consists  of  a  steel 
framework  which  is  pivoted  over  the  rear  axle  of  the  machine.  The  potentiometers 
measure  the  angularity  between  the  raised  track  and  the  forward  carts  of  the  unraised 
track.  Resistance  variations  of  the  potentiometers  are  measured  on  a  simple  ohmmeter 
which  is  calibrated  in  amount  of  raise. 

Optical  Device 

One  manufacturer  offers  a  sighting  device  which  is  referred  to  as  an  optical  track 
surfacing  system.  It  consists  principally  of  a  "scope",  mounted  on  a  tamper  jack,  through 
the  eye-piece  of  which  it  is  possible  simultaneously  to  observe  a  forward  and  a  rear 
target.  Each  target  is  mounted  on  a  carriage,  the  front  target  being  100  ft  from  the 
scope,  and  the  rear  target  25  ft  from  it.  The  front  carriage  has  8  wheels,  supporting 
a  rigid  beam  having  an  overall  length  of  19'J^  ft,  which  arrangement,  it  is  claimed, 
overcomes  errors  that  might  be  reflected  in  the  front  target  due  to  irregularities  at  joints. 

The  scope,  in  a  vibration-proof  mounting,  is  set  at  a  comfortable  working  height  for 
the  tamper  jack  operator.  The  rear  target,  resting  on  track  already  tamped,  is  set  at  the 
same  height  above  the  rails  as  the  scope,  the  front  target  being  set  at  the  scope  height 
plus  the  desired  raise. 
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In  operation  the  tamper  jack  operator  looks  into  the  scope  before  raising  the  track, 
where,  if  all  the  components  are  in  correct  adjustment,  he  will  view  two  lines  represent- 
ing the  targets,  and  a  cross  hair,  all  horizontal.  The  scope  is  tilted  by  a  simple  crank 
until  the  target  lines  coincide  and  are  in  a  plane  parallel  with  the  cross  hair.  The  track 
is  then  raised  until  the  target  line  and  the  cross  hair  merge,  indicating  that  the  raise 
i<  complete;  and  until  the  line  and  cross  hair  coincide,  indicating  that  the  desired  cross 
level  has  been  obtained.  The  targets  swing  as  a  pendulum  and,  for  correct  superelevation 
on  curves,  the  tamper  jack  operator  tilts  the  scope  into  a  position  parallel  to  the 
transverse  plane  of  the  targets.  In  making  run-ons  and  run-offs,  the  adju.stments  in 
the  height  of  the  front  target  are  made  by  a  hand-screw  adjustment. 

The  entire  carriage-target-buggy  system  is  constructed  of  light  section,  structural 
aluminum  which  makes  it  relatively  easy  to  set  on  and  off  the  track. 
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Those    whose    names   are   set    in    bold-face    type    constitute    the    Engineering    Division,    .\.'\R,    Com- 
mittee 11. 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

No  report  at  this  time.  Further  revision  of  Chapter  11  is  being  studied. 

2.  Bibliography  on  subjects  pertaining  to  engineering  and  valuation  records. 

Progress  report,  submitted  as  information   page  ,^08 

3.  Office  and  drafting  practices. 

Progress  report  on  microfilming  of  engineering  records  and  reports,  pre.sentcd 

as  information    P^K^  .<  1 1 

5    Use  of  statistics  and  data  processing  in   railway  engineering. 

Progress  report,  submitted  as  information   page  31.S 

6.  Valuation  and  depreciation. 

(a)  Current  developments  in  connection  with  regulatory  bodies  and  courts. 
Progress  report,  submitted  as  information   page  314 

(b)  ICC  valuation  orders  and  reports. 
No  report. 

(c)  Development  of  depreciation  data. 
No  report. 
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7.  Revisions  and  interpretations  of  ICC  accounting  classifications. 

Progress   report,   submitted   as  information    page  315 

8.  Instructions  for  making  engineer  field  checks  and  their  application  to  com- 
pletion reports. 

Progress   report,   submitted   as   information    page  316 

9.  Simplification  of  annual  reports  on  Form   588  to  the   Interstate   Commerce 
Commission,  and  underlying  completion  reports. 

No  report  is  offered,  but  it  is  expected  that  simplified  reporting  methods 
will  be  developed  in  collaboration  with  the  ICC  Bureau  of  Accounts  during 
the  forthcoming  year. 

The  Committee  on  Engineering  and  Valuation  Records, 

M.  C.  Wolf,  Chairman. 
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Bibliography   on   Subjects   Pertaining   to   Engineering 
and  Valuation  Records 

J.  B.  Byars  (chairman,  subcommittee),  P.  L.  Conway,  Jr.,  C.  R.  Dolan,  R.  F.  Garner, 
L.  W.  Howard,  J.  A.  Houston,  R.  D.  Igou,  F.  H.  Neely,  C.  F.  Olson,  W.  J.  Pease. 
E.   J.  Rockefeller,  H.  R.  Williams,   M.   C.  Wolf. 

Accounting  and  Valuation 

Weekly  Information  Bulletin  (The  American  Short  Line  Railroad  Association),  Nov. 
12,   1962,  pages  453-454. 

Accounting  rule  proposed  by  ICC  in  connection  with  depreciation  under  the  new 
guideline  lives  and  the  treatment  of  7  percent  investment  tax  credit. 

Weekly  Information  Bulletin  (The  American  Short  Line  Railroad  Association), 
Dec.  21,  1962,  page  504. 

ICC  accounting  for  federal  income  taxes  as  related  in  Docket  No.  34178,  issued 
Dec.   17,   1962. 

Modern  Railroads,  March  1963,  page  45. 

"A  New  Accounting  Hassle"  by  Nancy  Ford.  The  accounting  problems  and  confusion 
arising  from  the  new  "guidelines"  depreciation  rates  resulting  in  variations  in  reporting 
of  net  income  by  individual  roads  and  the  treatment  they  accorded  the  new  tax  benefits 
flowing  from   the   faster  writeoffs. 

Weekly  Information  Bulletin  (The  American  Short  Line  Railroad  Association),  April 
29,   1963,  page   165. 

Amendments  to  Uniform  System  of  Accounts  and  Valuation  Records  by  ICC  under 
Finance  Docket  32153,  covering  redistribution  of  primary  accounts  and  balancing 
valuation   records  to  accounting  records  by   Dec.  31,   1963. 

Depreciation 

Business  Week,  Sept.  22,   1962,  page  51. 

A  discussion  of  possible  effect  of  new  depreciation  rules  on  future  spending,  taxes, 
profits  and  labor  negotiations. 
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Taxes 

Business  Week,  Sept.  29,   1962,  page  116. 

Compromise  reached  on  tax  revision  bill.  Tax  credit  for  new  equipment  may  save 
businesses  $1.3  billion  a  year. 

Railway  Age,  March  18,  1963,  page  29. 

Now  tax  deferrals  beef  up  earnings  by  taking  advantage  of  special  income — tax 
arrangement  in  1962,  railroads  reported  net  earnings  that  were  $172  million  higher  than 
ihcy   would   have   been   under   ICC   accounting   rules. 

Modern  Railroads,  May  1963,  page  119 — Comparison  of  Class  I  Railroad  Incomes 
on  ICC  Basis  and  an  Adjustment  Basis. 

A  table  to  show  the  effect  of  tax  benefits  arising  from  the  excess  of  allowable  tax 
depreciation  and  amortization  over  similar  amounts  shown  on  books  for  the  years  1961 
and  1962. 

Office  Procedure 

Modern  Railroads,  Oct.  1962,  pages  93-94. 

Self-checking  transmission  equipment  installed  by  Illinois  Central  enables  computer 
to  get  correct  data. 

Business  Week,  Oct.  13,  1962,  page  94. 

IBM  No.  1440  Data  Processing  Computer  complete  with  new  disk-file  memory  and 
storage  system  that  operates  something  like  phonograph  record  changer.  A  new  smaller, 
faster  and  simpler  computer. 

Business   Week,   Nov.    10,   1962,   pages   65-66. 

Data  Processing — the  rise  of  a  new  breed  of  experts  who  have  become  indispensible 
to  industry — the  systems  specialist  or  systems  engineer. 

Dun's  Review,  Feb.   1963,  pages  38-41. 

The  Missing  Links  in  Automation — A  discussion  of  the  automation  picture  with 
special  emphasis  on  problems  that  have  arisen  due  to  companies  rushing  too  fast  into 
the  computer  market  before  necessary  analysis  was  made,  the  importance  of  systems 
engineering  which  must  be  considered  the  heart  of  the  whole  system;  and  the  develop- 
ment of  new  systems  and  devices,  such  as  analog  computers,  electronic  process  control 
instruments,  process  analysers,  etc. 

Modern   Railroads,  March   1963,  page  99. 

Milwaukee  Road  Automates  an  Accounting  Job — The  system,  which  integrates  thr 
preparation  of  drafts,  voucher  abstracts,  draft  registers  and  machine  accounting  unit 
records  in  one  mechanized  operation,  is  much  faster  and  much  less  costly  than  former 
methods. 

Railway  Age,  March  18,  1963,  page  35. 

Illinois  Central  speeds  sending  of  train  consist  data  21/2  limes  by  installations  of 
Digitronic   Corporations   Dial-o-verter  system. 

Modern   Railroads,   May    1963,  pages  99-lOQ 

B&M  Computerizes  Vacation  Credits — The  B&M  has  converted  a  costly  rule-of- 
thumb  record  keeping  operation  into  a  precisely  calculated  money-saving  program  by 
using  computer  operation  to  determine  quickly  and  accurately  the  vacation  credits  du-i 
every   operating  employee. 

Business  Week,  June  22,  1963,  pages  96-98. 

Getting  More  out  of  the  Files — Improved  methods  of  getting  microfilm  information 
out  again  for  use  at  a  cost  that  business  can  afford. 

Bull.  582 
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Railway  Age,  July  8,  196,5,  pages  18-20. 

"Computers  Add  Flexibility  to  Railroad  Cost  Finding".  ''Magic  brains"  provide, 
cheaply  and  quickly,  means  by  which  railroads  can  establish  internal  cost  controls  and 
compile  accurate  evidence   for  rates  litigation. 

Railway  Age,  June   17,   1963,  page  27. 

"The  Terminal  Railroad  Association  of  St.  Louis  Tests  New  Car  Accounting  System". 
Link  a  digital  computer  with  a  nationwide  public  communication  system  and  you  have 
what  might  be  considered  a  major  step  toward  achieving  automated  rail  car  accounting. 

The   Constructor,  Nov.   1963,  pages  55-60,  Dec.   1961,  pages  30-34   (revised  1962). 

"A  Non-computer  Approach  to  the  Critical  Path  Method  for  the  Construction 
Industry — Revised  1962",  John  W.  Fondahl,  Stanford  University.  A  new  and  improved 
technique  for  planning,  scheduling  and  controlling  of  construction  and  operating  activi- 
ties. This  technique  determines  the  critical  operations  which  must  be  completed  on 
schedule  in  order  to  avoid  delay  of  completion  of  the  entire  project.  Since  this  type 
of  analysis  is  being  widely  used,  and  is  required  of  contractors  bidding  on  some  govern- 
ment projects,  a  general  understanding  of  its  processes  is  becoming  essential.  A  general 
idea  can  be  gotten  from  the  author's  brief  articles  in  the  November  1961  and  December 
1961   issues  of  "The  Constructor". 

"New  Approach  to  Project  Scheduling:  The  Control  Operation  Technique",  M. 
Matozzie  and  F.  Lipinski,  Chemical  Engineering,  February   18,   1963. 

This  simplified  method  was  developed  for  use  where  operations  are  repetitive  and 
where  the  critical  path  is  either  quite  obvious  or  of  limited  importance. 

Reproduction  Methods,  Sept.   1963,  page  42. 

"Repro  Reference".  The  editors  of  BM  have  compiled  a  list  of  representative  refer- 
ence texts — suggested  sources  to  be  consulted  in  the  public  library,  or  purchased  as  the 
nucleus  of  an  in-plant  library — 81  references  in  the  following  mediums:  color,  copy, 
stripping,  composing,  microfilm,  offset,  optics,  paper  and  ink,  photography,  process 
photography,   repro   processes — general,  silk  screen   and  miscellaneous. 

General 

Cross  Tie  Bullet  n,  Nov.   1962,  pages   14-26. 

"Running  Out  of  Time"  an  address  by  John  M.  Budd,  president,  Great  Northern 
Railway.  An  excellent  analysis  of  the  railroad  situation  today  with  special  emphasis  on 
unfair  competition  and  high  costs  resulting  particularly  from  labor  problems. 

Cross  Tie  Bulletin,  Nov.   1962,  pages  51-56. 

"The  Changing  Railroad  Picture",  an  address  by  B.  J.  Steinberger,  vice  president 
and  general  purchasing  agent,  AT&SF  Ry.  An  especially  good  discussion  of  railroad  prob- 
lems, including  an  analysis  of  the  Magna  Carta  for  Transportation, 

Dun's  Review,  Part  2,  June  1963,  pages  S-81 — S-226. 

"Special  Report  On  Transportation".  Probably  the  most  comprehensive  analysis  of 
the  whole  transportation  industry,  discussing  problems,  research,  its  future,  etc. 

Periodic  Report  for  Research  Institute  of  America. 

Pamphlet  dated  October  16,  1963,  entitled  "Planning  Report"  covering  38  ways  to 
build    profits   through    photography. 
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Report  on  Assignment  3 

Office  and   Drafting   Practices 

\V.   A.   Krauska    (chairman,   subcommittee),   J.   B.   Byars,   R.   D.   Igou,   J.   L.  Manthcy, 
C.  W.  Meyer,  C.  H.  Rapp,  J.  W.  Rowland,  H.  B.  Sampson,  J.  R.  Traylor. 

Microfilming   of   Engineering   Records   and    Reports 

Phis  is  a  progress  report,  presented  as  information. 

Progress  on  this  assignment  is  slow,  the  development  of  microfilming  techniques 
and  equipment  being  so  rapid  that  reports  on  this  subject  must  be  supplemented  yearly. 

The  most  important  advantage  or  reason  for  microfilming  is  security  or  safety  in 
the  event  of  destruction  by  fire  or  bombing  or  other  disaster.  Other  advantages  are 
reference,  convenience,  storage  space,  economy  and  preservation  of  original  drawings 
that  are  used  quite  frequently. 

In  some  cases  filming  is  done  by  the  road's  own  staff  and  equipment ;  in  other 
instances  by  outside  concerns,  or  by  a  combination  of  both.  Where  railroad  staff  and 
equipment  are  employed,  both  flat  and  continuous  cameras  (for  16-mm  or  3S-mm,  or 
both,  size  films)  are  used.  In  some  cases  cameras  have  a  built-in  indexing  system.  Other 
equipment  used  consists  of  film  splicers,  readers,  reader-printers,  etc.  There  are  several 
different  types  and  makes  of  this  equipment  on  the  market,  with  a  wide  range  in  prices. 

At  present  most  of  the  equipment  used  is  railroad  owned ;  some  equipment  is 
leased.  However,  the  equipment  can  be  owned,  leased,  or  the  work  contracted — all  or 
in  part.  In  most  cases  film  is  sent  out  for  developing  or  processing. 

Filing   is   confined   to   film   reel   or   spool   in   a   location   adequately   protected   from 
moisture  or  excessive  heat.  However,  there  are  several  other  types  or  methods  of  fiHng 
with   corresponding  variation  in  cost,  such  as 
Transparent  jacket. 
Tabulating  card. 
Micro-opaque  card  or  strip. 
Aperture  cards. 

Reduction  ratios  range  from  24  to  1  to  12  to  1,  while  the  film  reader  usually  mag- 
nifies from  13  to  23  diameters.  Approximately  3000  letter  size  (8J^-in  by  11-in)  docu- 
ments are  retained  on  a  100-ft,  16-mm  roll  of  film,  which  is  placed  in  a  box  3-)4-in  by 
3-}<;-in  by  1-in  and  identified  by  number.  One  of  the  greatest  advantages  of  microfilm 
reproduction  is  that  a  vast  amount  of  information  can  be  stored  in  a  very  small 
amount  of  space. 

•  Records  written  or  printed  on  onion  skin,  flimsy  blue  paper  or  recorded  in  blue  ink, 
or  most  any  type  can  be  microfilmed.  Usually  drawings  of  over  44  in  to  59  in  feed 
lengths  have  to  be  microfilmed  in  sections.  A  scale  is  photographed  with  the  drawing 
for  use  when  film  is  placed  in  a  reader.  When  drawings  are  filmed  in  sections  they  are 
microfilmed   with   overlapping   matching   points. 

While  railroad  labor  is  used  for  this  type  of  work,  a  certain  amount  of  preparation 
is  required — pins,  staples  and  paper  clips  removed,  covers  unfolded,  tears  mended  on 
reverse  side  and  continuity  checked.  Documents  are  filmed  at  a  voltage  pre-determined 
by  test — majority  of  16  mm  from  77  to  85  v;  35  mm  from  80  to  85  v,  with  a  exposure 
reading  of  4.0  to  5.3.  Usually  each  film  contains  reel  number,  beginning  target,  periodic 
dividers,  a  certificate  and  end-of-rcel  .sign.  After  processing,  film  is  usually  inspected  on  a 
reader    for    legibility,    continuity,   etc.    If    retakes   are    ncces.sary    the    retake   certificate   is 
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filmed  with  the  documents,  processed,  inspected,  then  spliced  on  the  proper  reel.  Reels 
are  then  labeled  and  filed.  Films  can  be  indexed  in  a  card  file  by  department,  title  of 
material  and  date,  numerical  sequence  or  alphabetical  order.  A  cross  index  is  sometimes 
maintained  by  form  number  or  drawing  number  of  media.  A  loose-leaf  manual  may  be 
maintained  for  telephone  reference. 

Experience  has  been  that  it  is  more  economical  to  have  film  developed  by  an  outside 
concern,  although,  in  some  cases,  there  may  be  a  time  interval  of  one  week  between 
sending  out  and  return,  depending  upon  location.  There  is  a  wide  variation  in  cost  of 
microfilming;  one  road  reports  for  1960,  material  and  labor  only,  that  the  average  cost 
of  16  mm  was  $0.08  per  document  and  $0.03  per  exposure  on  3S-mm  film.  Another 
road  reports  1250  sq  ft  of  space  released,  valued  at  $3750  per  year  and  1200  boxes  and 
steel  cases  released,  costing  $13,000. 

While  microfilming  has  many  advantages,  as  outlined  above,  from  a  practical 
approach,  it  has  several  disadvantages,  especially  in  the  drafting  room.  Some  roads  do 
not  microfilm  original  drawings  because  the  need  for  retaining  the  originals  for  future 
revisions  does  not  allow  release  of  storage  space.  In  research,  study  must  be  made  of 
perhaps  many  plans  before  finding  those  suitable  to  one's  need,  and  original  plans  can 
be  studied  better  than  from  an  image  on  a  reader,  or  copy  made  on  printer. 

When  a  research  study  is  made,  it  is  suggested  that  all  drawings  and  material  be 
subjected  to  screening  before  microfilming.  This  requires  the  services  of  a  competent 
engineer  familiar  with  the  carriers  properties,  with  full  power  to  classify  all  material  into 
the   following  categories; 

1.  Permanent  records  requiring  constant  revisions  as  to  property  changes,  such 
as  maps,  profiles,  charts,  bridge  and  building  drawings,  signal  charts,  etc., 
these  to  be  microfilmed  only  for  security  reasons. 

2.  Permanent  records  that  are  used  for  reference  could  be  converted  to  film  and 
the  use  of  a  reader-printer.  The  originals  could  then  be  destroyed  as  they  are 
not  subject  to  ICC  regulations. 

3.  Permanent  records  such  as  roadway  completion  reports,  etc.,  subject  to  ICC 
regulations,  could  be  microfilmed  and  referred  to  with  a  reader-printer  and 
the  originals  stored  at  some  division  office,  if  permission  is  not  granted  for 
their  destruction. 

4.  A  great  amount  of  material  could  be  destroyed  due  to  screening  such  as: 
obsolete  drawings  and  maps  on  abandoned  lines,  buildings  removed,  coal 
chutes,  water  tanks,  roundhouses,  etc.  This  is  dead  material  that  takes,  up 
valuable  filing  space. 

The  present  high  cost  for  microfilming  makes  it  uneconomical  in  many  instances, 
since  the  expense  is  not  offset  by  savings.  The  first  cost  of  the  complete  set  of  equip- 
ment runs  high,  as  does  rental  of  this  type  of  equipment.  Also,  there  are  other  expenses 
to  consider,  such  as  space  for  equipment  and  filing,  labor  for  preparation,  processing, 
indexing,  reference,  etc. 

Considering  the  advantages  and  disadvantages  (mainly  cost),  it  is  recommended 
that  thorough  investigation  be  made  by  the  individual  road  to  determine  if  microfilming 
will  be  advantageous  as  well  as  economical. 
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Report  on  Assignment  5 

Use   of   Statistics  and   Data   Processing  in  Railway 

Engineering 

William  J.  Pease  and  Howard  R.  Williams  (co-chairmen,  subcommittee),  R.  R.  Aldridge, 
P.  E.  Bierman,  H.  C.  Boley,  J.  Bert  Byars,  P.  L.  Conway,  Jr.,  B.  J.  Cook,  F.  O. 
Cosgrove,  C.  R.  Dolan.  R.  L.  Ealy,  R.  F.  Garner,  Wm.  S.  Gates,  Jr.,  W.  M. 
Hager,  M.  J.  Hebert,  J.  A.  Houston,  R.  D.  Igou.  W.  H.  Kiehl,  W.  A.  Krauska, 
C.  E.  Lex,  Jr.,  B.  F.  Nauert,  F.  H.  Neely,  C.  F.  Olson,  D.  E.  Pergrin,  F.  A. 
Roberts,  E.  J.  Rockefeller,  H.  B.  Sampson,  J.  E.  Stein,  M.  C.  Wolf. 

This  is  a  progress  report,  presented  as  information. 

Your  committee  has  canvassed  its  membership  to  establish  the  degree  to  which 
electronic  data  processing  equipment  is  being  applied  in  those  fields  related  to  our 
assignment.  Subsequently,  certain  specific  manual  procedures  will  be  selected  for  possible 
conversion  to  data  machine  production.  At  present,  one  broad  category  dealing  with 
the  generation  of  engineering  and  accounting  data  for  construction  projects  is  being 
considered.  This  subjects  falls  into  three  major  study  areas,  as  follows: 

(1)  Field  adaptations  relating  to  ordering,  recording  and  reporting  of  material, 
and  identification  and  reporting  of  labor  items  on  construction  projects.  In 
this  phase  it  is  intended  that  the  labor  and  material  entries  can  be  related 
to  physical  construction  features  that  would  be  compatible  with  the  data 
system  being  established. 

(2)  The  intermediate  or  accounting  phase  must  be  integrated  so  that  the  field 
data  flows  from  the  field  to  the  computing  devices  and  merged  with  any 
intermediate  data  using  punch  cards  and  magnetic  tape  so  as  to  produce 
the  various  output  data  required  in  the  engineering,  accounting,  valuation 
and  other  departments. 

(3)  The  output  data  produced  in  (1)  and  (2)  must  be  correlated  with  certain 
internal  mechanization  programs  within  the  departments  handling  account- 
ing, engineering,  valuation,  property  accounting,  depreciation,  ICC  and  IRS 
reporting,  etc.,  so  as  to  explore  and  develop  new  methods  and  techniques 
to  produce  certain  records,  reports  and  statistics  with  electronic  data  proc- 
essing equipment. 
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Report  on  Assignment  6 

Valuation   and   Depreciation 

(a)    Current    Developments   in   Connection    with    Regulatory 
Bodies  and  Courts 

C.  R.  Dolan  (chairman,  subcommittee),  R.  B.  Aldridge,  G.  R.  Berquist,  P.  E.  Bierman, 
J.  B.  Byars,  J.  R.  Clayton,  P.  L.  Conway.  Jr.,  F.  H.  DeMover,  R.  L.  Ealv,  R.  ¥. 
Garner,  W.  S.  Gates,  Jr.,  E.  W.  Gibson,  H.  N.  Halper,  J.  E.  Hebbron,  M.  J.  Hebert, 
L.  W.  Howard,  R.  D.  Igou,  R.  A.  Lariviere,  J.  E.  Manthey,  C.  F.  Olson,  C.  H. 
Rapp,  C.  S.  Robey,  E.  J.  Rockefeller,  J.  B.  Styles,  H.  R.  Williams. 

ICC  Bureau  of  Accounts 

The  Section  of  Valuation  was  engaged  principally  during  the  year  in  railroad  and 
pipeline  work.  Tentative  and  final  valuation  reports  were  prepared  for  pipeline  carriers, 
and  by  the  end  of  the  year  statements  will  be  completed  showing  the  elements  of  value 
for  all  Class  I  line-haul  and  switching  and  terminal  companies  as  of  December  31,  1962. 

As  of  October  1,  1963,  pipeline  and  rail  carriers  were  delinquent  in  the  filing  of 
valuation  reports  with  the  Bureau  as  follows:  2  line-haul  companies  for  1959,  2  line- 
haul  companies  for  1960,  and  15  line-haul  and  6  switching  and  terminal  companies  for 
1961.  Valuation  reports  covering  property  changes  for  the  year  1962  have  been  received 
from  15  line-haul  and  switching  and  terminal  companies  and  51  pipeHne  carriers. 

The  total  authorized  personnel  for  valuation  and  depreciation  work  in  the  Section 
of  Valuation  on  October  1,  1963,  was  29. 

During  the  year  the  Commission  released  the  Schedule  of  Annual  Indices  for  Carriers 
by  Railroad,  and  the  Schedule  of  Annual  and  Period  Indices  for  Carriers  by  PipeHne 
for  the  year   1962. 

Simplification  of  BV-588  returns:  Further  progress  in  this  matter  has  been  suspended 
pending  the  outcome  of  legislation  introduced  in  the  88th  Congress  amending  the  Valu- 
ation Act  to  relieve  the  Commission  of  the  mandatory  reporting  by  carrier  of  quantities 
in   reporting  changes  in  their  properties. 

Revision  of  Depreciation  and 

Investment  Credit  for  Income  Tax  Purposes 

The  committee  report  of  last  year  covered  the  U.  S.  Treasury  Department  Interna! 
Revenue  Service  Pubhcation  No.  456  (7-62),  officially  denominated  I.R.S.  Revenue 
Procedure  62-21,  which  provides  basic  reforms  in  the  guideline  hves  for  depreciation 
and  in  the  administration  of  depreciation  for  tax  purposes. 

In  September  1963  the  Internal  Revenue  Service  issued  Supplement  I  to  Revenue 
Procedure  62-21  in  order  to  assist  the  taxpayer  in  classifying  its  property  in  accordance 
with   the  guideline  for  depreciation. 

The  Administration's  tax  bill  (H.R.  8363)  entitled  the  "Revenue  Act  of  1963"  con- 
tains a  provision  which  would  repeal  the  provision  enacted  last  year,  along  with  the 
new  investment  credit  which  requires  the  basis  of  property  eligibility  for  the  investment 
credit  to  be  reduced  by  the  amount  of  the  7  percent,  whether  or  not  the  taxpayer  has 
any  tax  liability  against  which  to  apply  the  credit.  This  provision  is  one  of  the  more 
significant  provisions  of  the  bill,  as  is  indicated  by  the  fact  that  its  enactment  is  expected 
to  produce  a  reduction  in  the  tax  liabilities  estimated  at  $185  million.  The  repeal  of  the 
basis  adjustment  is  applicable  to  property  placed  in  .service  after  June  30,  1963.  It  also 
applies  to  property  placed  in  service  before  that  date,  if  still  held  by  the  taxpayer  on 
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the  first  day  of  its  taxable  3'ear  beginning  after  that  date,  the  rule  in  this  case  being 
that  the  amount  of  any  basis  reduction  previously  made  is  to  be  restored  as  of  the 
first  day  of  the  taxpayer's  first  taxable  year  beginning  after  June  .^0,  196J. 


Report  on  Assignment  7 

Revisions   and    Interpretations   of    ICC    Accounting 
Classifications 

R.  D.  Igou  (chairman,  subcommittee),  P.  L.  Conwav,  Jr.,  C.  R.  Dulan,  \V.  S.  Gates,  Jr., 
M.  M.  Gerber,  W.  M  Hager,  C.  VV.  Meyer,  W.  J.  Pease,  C.  H.  Rapp,  F.  A.  Roberts, 
C.  S.  Robey,  H.  B.  Sampson,  J.  R.  Traylor. 

This  is  a  progress  report,  presented  as  information. 

The  Interstate  Commerce  Commission  issued  revised  rules  in  two  parts  in  respect 
to  distribution  of  cost  of  property  to  Primary  Road  and  Equipment  Accounts,  and  in 
maintaining  valuation  records  and  filing  reports  by  its  Order  No.  i2\5i  of  April  17, 
1963,   published  in   the  Federal   Register  dated  May    1,   1963: 

Title  49,  Chapter  I,  Sub  Chapter  A,  Part  10 

Amendments  of  the  Uniform  System  of  Accounts  for  Railroad  Companies — Changes 
in  title  or  text  of  Account  with  special  reference  to  the  provisions  for  Accounts  2,  9,  10, 
11,  40,  47,  59,  80,  90,  733  and  734. 

Title  49,  Chapter  I,  Sub  Chapter  A,  Part  155 

Amendments  of  Valuation  Order  No.  3,  Second  Revised  Issue,  and  Revised  Supple- 
ment No.  5  to  Said  Order — Property  changes  recorded  in  the  Valuation  Records  pre- 
scribed by  the  Commission  shall  be  classified  in  conformity  with  the  .Accounting  Regula- 
tions prescribed  by  the   Commission. 

The  revised  rules,  which  were  preceded  by  Subject  No.  468  and  notice  of  proposed 
rule  making  dated  January  17.  1963,  published  in  the  Federal  Register  on  January  22, 
1963,  are  designed  to  bring  about  agreement  between  the  books  of  account  and  the 
valuation  records  and  to  assure  uniformity  in  the  future.  The  revised  rules  became 
effective  June  1,  1963. 

The  Bureau  of  Accounts  of  the  Interstate  Commerce  Commission  issued  Accounting 
Series  Circular  No.  133,  dated  May  6,  1963,  to  implement,  and  to  assist  carriers  in  apply- 
ing, the  revised  accounting  and  valuation  rules  in  the  Commission's  two  part  Order  of 
.April  17,  1963.  The  following  items  are  covered  in  the  instructions: 

Item  1.  Distribution  of  cost  of  property  to  primary  accounts. 

Item  2.  Lessor  companies  and  leased   property. 

Item  3.  Donations  and  grants. 

Item  4.  Supplemental  Form  588-R  for  accounts  9,   10  and   11. 

Item  5.  Journal  entries  to  be  submitted. 
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Report  on  Assignment  8 

Instructions  for  Making  Engineer  Field  Checks  and  Their 
Application  to  Completion  Reports 

C.  F.  Olson  (chairman,  subcommittee),  R.  B.  Aldridge,  G.  R.  Berquist,  P.  E.  Bierman, 
F.  H.  DeMoyer,  Wm.  S.  Gates,  Jr.,  M.  M.  Gerber,  H.  N.  Halper,  N.  Hammond, 
M.  J.  Hebert,  R.  D.  Igou,  C.  E.  Lex,  Jr.,  C.  W.  Meyer,  B.  F.  Nauert,  F.  H.  Neely, 
W.  J.  Pease,  F.  A.  Roberts,  C.  S.  Robey,  H.  B.  Sampson,  R.  S.  Shaw. 

Your  committee  submits  the  following  report,  as  information,  defining  the  duties 
of  the  field  engineer  in  supplying  required  information  on  capital  expenditure  projects 
which  is  not  of  an  accounting  nature.  It  is  recommended  that  each  road  decide  on  the 
amount  of  detail  required  to  satisfy  its  corporate  needs  and  be  governed  accordingly. 

As  work  under  an  "Authority  For  Expenditure"  is  progressed,  the  charges  for  labor 
and  material  are  recorded  monthly  for  the  larger  projects  and  upon  completion  of  the 
smaller  projects.  The  record  of  such  charges  is  sometimes  referred  to  as  the  "Detailed 
Statement  of  Charges."  The  basic  information  for  this  record  is  obtained  from  foreman's 
reports  of  labor  and  material  used,  together  with  requisitions  priced  out  at  store  depart- 
ment prices  and  invoices  of  material  purchased  for  the  particular  project. 

Upon  prehminary  completion  of  the  statement  of  charges  after  the  project  is 
reported  complete,  the  field  engineer,  usually  the  division  engineer,  is  given  a  copy  and 
requested  to  prepare  a  "Field  Completion  Report."  The  purpose  of  the  field  report  is 
to  supply  information  which  is  not  contained  in  the  statement  of  charges  or  on  existing 
sketches  or  plans. 

The  completed  "Field  Report"  together  with  the  "Detailed  Statement  of  Charges" 
as  corrected,  is  intended  to  contain  all  of  the  basic  information  necessary  for  the  chief 
engineer's  records,  accounting  records,  and  reports  to  the  Interstate  Commerce 
Commission. 

Preparation  of  the  field  report  involves  three  distinct  but  related  phases  as  follows: 

1.  Sketches  or  prints  showing  property  added,  relocated  and  removed,  with  use 
of  appropriate  colors. 

2.  Provide  quantity  of  standard  units  constructed  under  the  authority  when  the 
supporting  costs  are  shown  otherwise  in  the  statement  of  charges.  This  is  neces- 
sary for  Capital  Account  items  only.  Grading  quantities  and  piling  and  timber 
in   the  structure  as  built   are  typical  of  that  required. 

i.  Check  the  statement  of  charges  for  over  and  under  charges.  It  is  fairly  com- 
mon that  important  items  of  material  are  omitted  from  the  statement  of  charges 
for  some  reason  or  another.  It  is  the  field  engineer's  duty  to  call  attention  to 
any  omissions  as  well  as  to  ascertain  that  proper  credits  will  be  made  for 
material  charged  out  but  not  used. 

Many  carriers  have  found  it  convenient  to  provide  the  field  engineer  with  a  form 
for  reporting  the  information  necessary  in  phase  2  and  3  above.  A  suggested  form  is 
presented  herewith. 

In  addition  to  the  general  information  discussed  above,  the  field  engineer  should  be 
advised  more  specifically  concerning  the  data  which  he  is  expected  to  furnish  in  his 
Field  Completion  Report.  A  typical  set  of  detailed  instructions  is  as  follows,  and  if 
desired  can  be  printed  on  the  reverse  side  of  the  Field  Completion  Report  form: 
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Mail<n9  ip«ct  for  diitrlbuti 


Location 

Description  of  Completed  Project. 


FIELD  COMPLETION  REPORT 

A  F  E  No 

Sheet  No_         ^of Sheeh 

Val.  Sec Oivifion 


Compleled- 


Done  by- 


Account  No 

or 

Coda  No. 

Data  and  quantities  not  shown  on  Statement  of  Charges 

Unit 

Quantity 

Field  Report  and  attachments  are  correct. 

Statement  of  charges  chocled  on  ground  and  with  this  report 
serves  as  Field   Report. 

biltrlct    '"'''"••' 

Oi.illOK   EnqiKMf 

This   report  supplements  information  contained  in   the  Statement  of  Charges  and  should  not  duplicate  Information.    Use  plain  paper  for 
continuation  sheets. 
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Grading  and  Ballast: 

Quantities    and    classification:    measured 

or   car   yardage. 
Source:     pit    or    locations    of    line    cut.. 
Typical    sections    for    unusual    projects. 
Distribution  by  miles   (ballast  only). 

Bridges  and  Culverts: 

Plan  references:  state  exceptions  or  fur- 
nish set  of  as-built  plans. 

Description  of  structure  when  not  ac- 
cording to  plan. 

Quantities  and  classification  of  units  in 
substructures  and  superstructures. 

Buildings  and  Other  Structural 
Property: 

Plan  references:  state  exceptions  or  fur- 
nish sets  of  as-built  plans. 

Foundation  and  basement  quantities, 
when  not  shown  on  plans. 

Overall  dimensions  and  descriptions  (See 
Acct.  16  in  Revised  Supplement  No. 
4  to  Val.  Order  No.  3). 

Describe  unusual  work. 

Pipelines  and  Drainage: 
Length  and  kind  of  pipe. 
Describe    manholes,    pits,    valve    boxes, 
etc. 

Equipment  and  Machinery: 
Location  by  structures. 
Foundation  quantities. 

Joint  Projects,  Donations,  and  Grants 
in  Aid  of  Construction: 
Units  and  cost  (estimated  if  not  known) 
of  work  done  by  states,  municipalities 
or  other  political  subdivisions,  and  by 
private  parties,  should  be  shown  in 
detail. 


Fences  and  Crossings: 

Plan  references,  or  describe  construction. 

Length  of  wing  fences  and  fences  which 
are  not  parallel  to  track. 

Units  and  quantities  not  reflected  in  de- 
tailed charges  or  on  sketches. 

Reused  Parts: 

Quantities  and  classification  of  reused 
parts  which  are  not  provided  for  in 
statement  of  charges. 

Identifying  Property: 

Furnish  location  of  property  which  is 
not  definitely  given  on  sketch  or 
print. 

Contract  References: 
Furnish  when  available. 

Tracks: 

Use  Valuation  Division's  index  numbers 

where  indexes  are  available. 
Inventories  of  material  placed  by  tracks 

should  be  submitted  when  not  shown 

by  tracks  in  statement  of  charges. 
Distribution    by    miles   of    miscellaneous 

track  material  (tie  plates,  rail  anchors, 

etc.,    when    not    in    conjunction    with 

out-of-face  relaying) . 
Overall  length   and  location   of  welded- 

joint  trackage. 
Show  station  breaks  in  weight  of  rail. 


Important: 

Revised  Supplement  No.  4  to  Valuation 
Order  No.  3  contains  a  suggested  List 
of  Units  as  prescribed  by  the  Inter- 
state Commerce  Commission  and 
should  be  referred  to. 
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To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress   report,   submitted    for   adoption    page  .?20 

2.  Specifications  for  railway  buildings. 

Nothing  requiring  specifications  came  to  light  during  the  year. 

3.  Use  of  synthetic  resins  for  adhesives  and  coatings  in  connection  with  railway 
buildings. 

This  is  a  new  subject  on  which  considerable  research  has  been  done,  looking 
to  presenting  the  first  report  on  it  next  year. 

4.  New  advances  in  paint  products  for  railway  buildings. 

Progress  is  reported  in   gathering  data   pertaining  to   this   new  subject,  but 
no  report  is  presented  this  year. 

5.  Prestressed  concrete  for  railwa\'  buildings,  collaborating  with  Committee  8. 
This  subject  was  undei-  intensive  review  during  the  \ear  and  considerable 
progress  was  made,  looking  to  presenting  a  rejxirt  next  year. 

6.  Use  of  plastic  materials  in  railway  buildings. 

Progress  has  been  made  in  gathering  data,  but   no  report  is  presented  this 
year. 
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7.  Curtain  wall  construction  for  railway  buildings. 

The  first  report  on  this  new  subject  will  be  presented  next  year. 

S.   Intni-rt'd   ra\'   heating,  collaborating  with  Committee  18. 

The  data  received  on  many  installations  is  being  evaluated  in  the  hope  that 
design  criteria  can  be  developed  for  presentation  next  year. 

The  Committee  on  Buildings, 

K.  E.  HoRNUNG,  Chairman. 


.ARE.A   Bulletin   582,   December    1963. 


Report  on  Assignment   1 

Revision   of  Manual 

VV.  G.  Harding  (chairman,  subcommittee),  J.  H.  Adams,  W.  F.  Armstrong,  F.  R.  Bart- 
lett,  S.  M.  Bielski,  J.  R.  Bowman,  R.  L.  Charlow,  V.  E.  Elshoff,  I.  G.  Forbes,  G.  W. 
Guinn,  Jr.,  W.  C.  Humphreys,  L.  S.  Newman,  R.  C.  Turnbell. 

Continuing  its  critical  review  of  Chapter  6 — Buildings,  of  the  Manual,  which  during 
the  past  four  years  has  resulted  in  the  revision  or  rewriting  of  most  of  the  specifications 
in  this  Chapter,  your  committee  now  submits  for  adoption  the  following  additional 
recommendations  with  respect  to   Chapter  6: 

Pages  6-16-1   to  6-16-9,  incl. 

SPECIFICATIONS   FOR   HOT   WATER  AND   STEAM 

Delete,  substituting  therefore  the  following  separate  Specifications  for  Steam  Heating 
Systems  and  for  Hot  Water  Heating  Systems: 

SPECIFICATIONS    FOR    STEAM    HEATING    SYSTEMS 

1.  Special  Note 

The  General  Conditions  as  given  in  Part  1,  this  Chapter,  shall  be  considered  to 
apply  with  equal  force  to  this  specification,  and  the  contractor  shall  consult  them  in 
detail  for  instructions  pertaining  to  his  work. 

2.  Scope  of  Work 

The  contractor  shall  furnish  all  labor,  materials,  tools,  scaffolding  and  equipment, 
unless  otherwise  noted,  necessary  for  and  reasonably  incidental  to  the  completion  of  a 
steam  heating  system,  as  shown  on  the  plans  and  herein  specified. 

The  drawings  are  intended  only  to  show  the  general  plan  or  layout  and  the  con- 
tractor shall  construct  the  system  complete  in  accordance  with  the  best  practice. 

The  contractor  shall  check  all  drawings  and  must  report  all  discrepancies  before 
starting  the  work.  No  allowances  will  be  made  by  the  owner  for  errors  or  discrepancies 
discovered  by   the   contractor  after   the   work  has  been  started. 

3.  Classification  of  Systems 

Steam  heating  systems  may  be  classified  according  to  any  one  of,  or  a  combination 
of,  the  following  features:  (a)  piping  arrangement;  (b)  pressure  or  vacuum  conditions 
obtained  in  operation;  and  (c)   method  of  returning  condensate  to  the  boiler: 
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a.  By  Piping  Arrangement .  A  steam  heating  system  is  known  as  a  one-pipe  system 
when  a  single  main  serves  the  dual  purpose  of  supplying  steam  to  the  heating  unit  and 
conveying  condensate  from  it.  Ordinarily,  to  each  heating  unit  there  is  but  one  con- 
nection which  must  serve  as  both  the  supply  and  the  return,  although  separate  supply 
and  return  connections  may  be  used. 

A  steam  heating  system  is  known  as  a  two-pipe  system  when  each  heating  unit 
is  provided  with  two  piping  connections,  and  when  steam  and  condensate  flow  in 
separate  mains  and  branches. 

Heating  systems  may  also  be  described  as  up-flow  or  down-flow,  depending  on  the 
direction  of  steam  flow  in  the  risers;  and  as  a  dry-return  or  a  wet-return,  depending 
on  whether  the  condensate  mains  are  above  or  below  the  water  line  of  the  boiler  or 
condensate  receiver. 

b.  By  Pressure  or  Vacuum  Conditions.  Steam  heating  systems  may  also  be  classi- 
fied as  high-pressure,  low-pressure,  vapor,  and  vacuum  systems,  depending  on  the  pres- 
sure conditions  under  which   the  system  is  designed  to  operate. 

A  system  is  known  as  a  high-pressure  system  v^hen  the  operating  pressures  employed 
are  above  IS  psig;  as  a  low-pressure  system  when  pressures  vary  from  0  to  15  psig; 
as  a  vapor  system  when  the  system  operates  under  both  vacuum  and  low-pressure  con- 
ditions without  the  use  of  a  vacuum  pump ;  and  as  a  vacuum  system  when  the  system 
operates  under  vacuum  and  low-pressure  conditions  with  the  use  of  vacuum  pump. 

c.  By  Method  of  Returning  Condensate.  When  condensate  is  returned  to  the  boiler 
by  gravity,  the  system  is  known  as  a  gravity  return  system.  In  this  system  all  heating 
units  must  be  elevated  sufficiently  above  the  water  line  of  the  boiler,  so  that  the  con- 
densate can  flow  freely  to  the  boiler.  Elevation  of  the  heating  units  above  the  water 
line  must,  therefore,  be  sufficient  to  overcome  pressure  drops  due  to  flow,  as  well  as 
pressure  differences  due  to  operation. 

4.  Design  and  Installation 

The  design  and  installation  of  steam  heating  systems  should  be  entrusted  to  no  one 
but  fully  experienced  and  responsible  parties. 

Examples  of  the  design  of  the  various  types  of  steam  heating  systems  may  be  found 
in  the  latest  publication  of  the  Guide  and  Data  Book  of  the  American  Society  of  Heating, 
Refrigerating  and  Air  Conditioning  Engineers,  Inc. 

5.  Location  of  Equipment 

The  location  of  the  heating  units  as  shown  on  the  drawings  shall  be  construed  as 
being  approximately  correct.  Should  conditions  at  the  building  prove  such  as  to  make 
any  changes  necessary,  the  contractor  shall  furnish  drawings  showing  such  change. 

6.  Permits  and  Ordinances 

The  contractor  shall  pay  for  all  necessary  permits  and  comply  with  all  applicable 
codes  and  ordinances  pertaining  to  his  work.  Any  materials  or  work  required  by  the 
applicable  codes  and  ordinances,  but  not  mentioned  or  shown,  shall  be  furnished  by  the 
contractor  the  same  as  if  it  were  specifically  mentioned  or  shown. 

7.  Boiler 

The  contractor  shall  furnish  and  install  where  shown  on  the  plans  a  steel  or  cast 
iron  steam  boiler  complete  with  all  doors,  smoke  box,  elevated  base,  steam  gage,  safety 
valve,  gage  glass  trimmings,  try  cocks,  flue  brush  or  scraper. 
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The  boiler  shall  be  a  manufactured 

by   ,  or  equal,  if  approved 

by  the  engineer,  having  a  Steam  Boiler  Institute  net  rating  of   sq  ft 

of  attached  steam  radiation. 

The  boiler  shall  be  designed  for  coal  firing,  oil  firing  or  gas  firing  as  the  case  may  be. 
No  conversion  type  of  equipment  shall  be  considered. 

The  boiler  shall  be  furnished  with  an  insulated  steel  jacket. 

8.  Fuel  Burners   (All  Systems) 

a.  Stokers — The  stoker  to  be  installed  in  the  above  boiler  shall  be  the  under-feed 

hopper  type  capable  of  burning   pounds  of  coal  per  hour  as  recommended 

by  the  boiler  manufacturer.  It  shall  be  Model  No made  by   

,  or  equal,  if  approved  by  the  engineer. 

b.  Oil  Burner — The  oil  burner  to  be  installed  in  the  above  boiler  shall  be  a  Model 

No made  by   ,  or  equal, 

for   operation   with    or   lighter   fuel  oil.  The   oil  burner  shall  have 

motor,   fan  and  fuel  unit  mounted  in  one  assembly.  The  fuel  unit  shall  be  capable  of 
developing  a  pressure  of   lb  for  atomization  of  the  oil. 

The   burner   shall   have  a   capacity   of  from    to    gallons 

of  No oil  per  hour  and  shall  be  equipped  with  a  motor  wound  for 

volts    phase,    cycle  alternating  current. 

c.  Gas  Burner — The  gas  burner  shall  be  a  Model  No made  by 

,  or  equal,  with  an  output  of   

Btu  per  hour  when  burning  natural  gas  or  liquified  petroleum  gas   (state  which  fuel  is 
to  be  used) . 

The  burner  shall  be  furnished  complete  with  gas  pressure  regulator,  automatic  pilot 
and  limit  controls  designed  to  protect  the  appliance  and  insure  safety  of  operation. 

9.  Heating  Unit  Controls 

a.  Stokers — ^Domestic  stokers  usually  are  controlled  by  a  room  thermostat,  a  limit 
control  and  a  stoker  relay.  When  the  thermostat  calls  for  heat,  the  relay  causes  the 
stoker  motor  to  increase  the  flow  of  fuel  and  air  to  the  burner.  When  the  thermostat 
is  satisfied,  the  relay  provides  for  a  reduced  flow  of  fuel  and  air  to  maintain  the  fire 
at  its  minimum  rate.  The  limit  control  prevents  the  continuance  of  the  maximum  fuel 
rate  if  the  temperature  or  pressure  in  the  boiler  or  furnace  exceeds  a  predetermined 
value,  and  also  stops  the  feeding  of  fuel  if  the  fire  goes  out. 

b.  Oil  Burners— Oil  burner  controls  normally  consist  of  a  room  thermostat,  a  limit 
control,  a  combustion  safety  control  and  a  control  relay.  On  a  call  for  heat  by  the 
thermostat,  the  relay  starts  the  oil  burner  motor  which  supplies  oil  and  air  to  the  burner. 
An  ignition  device  consisting  of  an  electric  spark  ignites  the  oil  automatically.  If  for  any 
reason  the  oil  does  not  ignite,  a  time  delay  mechanism  in  the  relay  is  operated  by  the 
combustion  safety  control  after  a  predetermined  length  of  time,  to  cause  the  oil  and 
air  supply  to  be  shut-off.  If  the  mixture  ignites  properly,  the  burner  operates  until  the 
thermostat  is  satisfied  or  until  the  limit  control  affected  by  the  temperature  or  pressure 
in  the  boiler  stops  the  burner. 

c.  Gas  Burners — Gas  burner  controls  usually  consist  of  a  room  thermostat,  a  limit 
control,  a  safety  pilot,  gas  pressure  regulator  and  a  gas  valve  (solenoid,  motorized  or 
diaphragm  type).  Upon  a  demand  for  heat  at  the  thermostat,  the  gas  valve  is  opened, 
admitting  gas  to  the  burner.  The  safety  pilot  ignites  the  gas  which  continues  to  burn 
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until  the  thermostat  is  satisfied  or  until  the  limit  control  shuts  cff  the  gas  valve.  The 
limit  control  may  also  reduce  or  throttle  the  gas  flame  as  required  to  maintain  a  desired 
temperature  or  pressure  of  the  heating  medium.  If  the  pilot  flame  is  extinguished  for 
any  reason,  either  before  or  after  the  main  gas  valve  is  turned  on,  the  safety  pilot  closes 
the  gas  valve,  thus  eliminating  the  danger  of  delivering  gas  to  the  burner  without  ignition. 

10.  Limit  Controls 

A  high  limit  control  for  steam  heating  systems  consists  of  a  pressure-sensitive  ele- 
ment having  bellows  responsive  to  the  boiler  pressure.  When  the  steam  pressure  exceeds 
a  predetermined  point,  it  opens  an  electric  contact,  preventing  the  burner  from  delivering 
additional  heat   to   the  boiler. 

A  low  water  cut-off  shall  also  be  used  to  stop  the  burner  if  the  water  in  the  boiler 
drops  to   a  dangerous  level. 

11.  Zone  Controls 

Often  it  is  desirable  to  divide  the  heating  into  zones  for  greater  accuracy  of  control 
and  comfort.  Each  zone  may  then  be  maintained  individually  at  the  desired  temperature 
level.  The  division  by  zones  should  be  based  upon  exposure  and  occupancy  of  the 
building  under  consideration. 

12.  Thermostat  Location 

The  thermostat  or  thermostats  controlling  zoned  heating  shall  be  mounted  on  an 
interior  wall  of  the  space  to  be  controlled. 

13.  Breeching 

The  boiler  shall  be  connected  to  the  chimney  with  a  smoke  breaching  of  No 

gage  black  iron  provided  with  the  necessary  dampers  and  cleanout  opening.  The  clean - 
out  openings  shall  be  of  ample  size  and  so  arranged  that  the  entire  length  of  breeching 
can  be  cleaned  without  being  dismantled. 

14.  Oil  Storage  Tank 

Where  required  by  local  laws  or  ordinances,  the  contractor  shall  install  with  all 
necessary  foot  valves,  connections  and  vents,  etc.,  an  underground  oil  storage  tank  of 

approximately   gal  capacity  in  the  location  as  shown  on  the  plans.  The  tank 

shall    be    made    of    Xo gage    open-hearth    steel    and    shall    be    of    welded 

construction. 

The  contractor  shall  place  concrete  saddles  on  top  of  the  tank  of  weight  equal  to 
the  buoyancy  of  the  tank.  A  concrete  box  shall  be  provided  on  the  top  of  the  tank, 
fitted  with  a  suitable  steel  cover  plate  or  solid  manhole  cover,  to  permit  access  to  the 
various  pipe  connections  to  the  tank. 

The  tank  shall  carry  the  Underwriter's  label. 

15.  Piping  from  Oil  Storage  Tank  to  Oil  Burners 

The  contractor  shall  connect  separate   I.D.  copper  tubing  fuel  oil  supply 

line  to  the  oil  burner  of  the  boiler.  It  shall  be  connected  to  a   I.D.  copper 

tubing  return  line. 

A  check  valve  shall  be  placed  in  the  supply  line  immediately  ahead  of  the  oil  burner 
to  keep  the  supply  line  primed  at  all  times. 
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16.  Piping  Systems  and  Installation 

The  piping  to  be  used  in  this  installation  shall  be  one  of  the  above  mentioned 
systems.  It  shall  be  equipped  with  vents  and  drips  at  all  points  where  required. 

Except  in  a  one-pipe  system,  care  shall  be  taken  when  laying  out  the  piping  system 
so  that  the  condensation  shall  flow  in  the  same  direction  as  the  steam.  The  use  of  a  wet 
return  to  the  boiler  is  to  be  avoided  wherever  possible. 

The  piping  shall  be  arranged  in  such  a  manner  as  to  allow  for  proper  circulation 
to  all  parts  of  the  system  without  crowding  or  forcing. 

All  piping  exposed  in  the  building  shall  remain  uncovered,  but  any  that  may  be 
exposed  to  low  temperatures  shall  be  covered  with  pipe  insulation  of  standard  thickness 
fitted  with  metal  bands  at  ends  and  centers  of  sections.  It  shall  have  a  canvas  jacket. 

All  piping  shall  be  installed  so  that  it  is  free  to  expand  and  contract  with  changes 
in  temperature  without  producing  undue  stresses  in  the  pipes  or  connections. 

All  branches  to  risers  shall  be  taken  off  the  top  of  the  main. 

Steam  shall  be  taken  from  the  boiler  into  a  main  header  and  circulated  through  the 
building  by  a  system  of  supply  mains.  A  control  valve  shall  be  installed  where  each 
supply  main  takes  off  at  the  header. 

Returns  shall  be  connected  to  a  manifold  header,  which  in  turn  shall  be  connected 
to  the  boiler.  A  valve  shall  be  installed  where  each  return  main  is  connected  to  the 
manifold  header. 

At  the  end  of  each  supply  and  return  main  or  where  same  drops  to  lower  level, 
an  automatic  air  vent  shall  be  installed  and  so  located  that  it  can  be  inspected. 

All  concealed  piping  shall  be  tested  for  leaks  and  defects  before  covering  is  applied. 

To  prevent  the  boiler  from  losing  its  water  under  any  circumstances  the  use  of  a 
"Hartford"  return  connection  is  recommended.  This  includes  an  equalizing  pipe  between 
the  supply  main  and  the  return  main  and  the  proper  connection  between  the  return  main 
and  the  eequalizing  pipe.  No  valves  shall  be  installed  between  the  equalizing  pipe  or  the 
return  main  and  the  "Hartford"  safety  connection. 

17.  Heat  Transfer  Units 

The  contractor  shall  provide  and  install  heat  transfer  units  where  shown  in  the 
drawings.  These  units  may  be  (a)  cast  iron  radiators,  (b)  wall  fin  convectors,  and 
(c)   wall  hung  convectors. 

a.  Cast  iron  radiators  shall  be  the  small  tube  type.  Each  radiator  shall  be  equipped 
with  an  approved  type  of  radiator  valve  and  an  automatic  air  vent. 

b.  Wall  fin  convectors  shall  be  the  convector  or  finned  type  unit  installed  approxi- 
mately 4  in  above  the  floor  and  protected  with  an  expanded  metal  enclosure. 

This  type  of  heating  system  is  more  adaptable  for  hot  water  heating  system  and  is 
rarely  used  with  steam  as  the  heating  medium. 

c.  Wall  hung  convectors  shall  be  composed  of  a  casing  with  an  outlet  grille  and  an 
extended  surface  heating  element  of  finned  tube  or  cast  iron  fin  surface.  A  radiator  type 
valve  and  automatic  air  vent  shall  be  provided  for  each  unit. 

18.  Unit  Heaters 

Unit  heaters  are  used  principally  for  heating  commercial  and  industrial  structures, 
such  as  factories,  laboratories,  warehouses,  stores  and  garages.  They  are  also  useful  in 
numerous  industrial  processes  where  the  use  of  heated  air  in  rapid  circulation  with 
uniform  distribution  is  of  particular  advantage. 
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Unit  heaters  shall  be  so  located  to  insure  free  air  circulation  to  the  intake  and 
proper  heat  distribution  over  the  working  area.  Manufacturer's  catalogs  give  suggestions 
for  the  best  arrangement  of  the  various  types  of  heaters  as  well  as  data  conrernint: 
output  capacities,  etc. 

Unit  heater  motors  shall  be  wound  for   volt,   pha.se,   

cycle  alternating  current. 

19.  Unit  Heater  Controls 

The  unit  heater  fans  shall  be  controlled  by  a  thermostat  and  a  surface  aquastat 
mounted  on  the  drip  or  return  line.  On  a  call  for  heat  the  thermostat  actuates  the  fan 
motor,  but  the  aquastat  wired  in  series  with  the  thermostat  prevents  the  operation  of 
the  fan  until  steam  reaches  the  return  line  of  the  heater.  Where  steam  pressure  is  main- 
tained in  the  piping  system,  the  aquastat  on  unit  heater  return  lines  may  be  omitted. 

20.  Valves  and  Fittings 

Gate  valves  shall  be  used  in  all  cases  where  service  demands  that  the  valve  be 
entirely  open  or  entirely  closed  and  should  never  be  used  for  throttling. 

Globe  valves  shall  be  used  in  all  cases  where  throttling  is  required;  and  for  by- 
passes around  traps  or  pressure  reducing  valves. 

Each  radiator  and  point  in  the  system  requiring  venting  shall  be  equipped  with  ii 
non-adjustable  air  valve. 

Unit  heaters  shall  have  gate  valves  on  both  the  supply  and  return  steam  connections 
as  well  as  an  automatic  air  vent  valve. 

All  fittings  shall  be  standard  malleable  iron,  banded,  screwed  fittings  designed  for 
working  pressures  up  to  ISO  lb,  recessed  and  threaded  with  threads  clean-cut,  tapering 
and  smooth. 

Unions  shall  be  of  the  railroad  pattern,  metal-to-metal  type,  not  requiring  gaskets. 

21.  Pipe  Material 

All  piping  shall  be  new  standard  steel  pipe  of  the  sizes  shown  on  the  drawings. 
All  branches  on  both  supply  and  return  lines  shall  be  threaded,  unless  otherwise  specified. 

Threaded  pipe  shall  be  carefully  reamed  after  threading  and  threaded  ends  com- 
pletely covered  with  a  good  grade  pipe  joint  compound. 

22.  Electric  Wiring 

All  electric  wiring  in  connection  with  the  installation  of  a  complete  heating  system 
shall  be  done  in  accordance  with  the  National  Electric  Code,  except  where  local  laws  or 
regulations  conflict,  in  which  case  such  laws  shall  govern. 

23.  Floor  Flanges 

-All  pipe  passing  through  floor  or  partitions  shall  be  finished  with  plated  floor 
flanges. 

24.  Testing  of  Pipes 

In  addition  to  any  tests  required  by  the  local  authorities,  the  contractor  shall  make 
the  following  tests  in  the  presence  of  the  engineer: 

The  piping  systems  and  appurtenances,  including  all  heat  transfer  units,  shall  be 
tested  by  filling  with  water  and  the  pressure  increased  to  150  psi,  except  where  cast  iron 
radiation  is  installed,  at  the  highest  point  of  the  system.  All  valves  shall  be  open  to 
obtain  full  hydrostatic  pressure  on  the  system. 
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The  contractor  shall  notify  the  engineer  in  advance  that  he  is  ready  to  make  these 
tests.  Any  leaks  or  defects  revealed  by  these  tests  shall  be  remedied  and  any  damage  done 
as  a  result  of  these  tests  shall  be  made  Rood  by  the  contractor. 

25.  Completing  and  Guarantee 

On  completion  of  the  entire  work,  the  contractor  shall  clean  out  all  lines,  adjust  all 
valves,  apparatus  and  equipment,  and  leave  the  entire  work  in  complete  working  order 
before  submitting  to  the  engineer  for  final  approval. 

On  the  acceptance  of  the  installation  by  the  owner,  the  contractor  shall  give  instruc- 
tions as  to  the  operation  of  the  plant,  showing  in  detail  all  points  that  required  attention 
and  turn  same  over  to  the  owner. 

The  contractor  must  guarantee  the  satisfactory  operation  of  the  system  as  herein 
described  and  indicated  on  drawings,  and  that  it  will  be  capable  of  warming  the  rooms 

of  the  building  to  a  temperature  of   deg  F,  when  the  outside  temperature 

is  as  low  as   deg  F. 

He  must  guarantee  also  that  the  steam  will  circulate  freely,  without  crowding  or 
forcing  to  all  parts  of  the  system,  and  should  any  defects  appear  in  same  within  the 
course  of  one  year  of  actual  operation,  the  contractor  shall  make  good  such  defects 
at  his  own  expense. 

If  in  the  opinion  of  the  contractor  the  amount  of  radiation  and  size  of  boiler  as  set 
forth  on  the  drawings  is  not  sufficient  to  fulfill  his  guarantee,  he  shall  state  in  his 
proposal  the  amount  of  additional  radiation  and  additional  boiler  capacity  which,  in  his 
judgment,  are  necessary  and  shall  quote  prices  on  same. 

Any  omissions  in  these  specifications,  or  in  the  drawings  accompanying  same,  do  not 
relieve  the  contractor  of  his  obligations  to  install  the  system  complete  in  every  respect 
to  fulfill  his  guarantee. 

26.  Final  Cleaning 

At  the  completion  of  the  work,  the  contractor  shall  remove  all  construction  equip- 
ment, scaffolding,  staging,  erection  platforms,  and  all  surplus  material  from  the  premises, 
leaving  the  building  in  a  clean  and  acceptable  condition.  If  any  equipment,  material  or 
debris  is  not  removed  with  sufficient  promptness,  the  owner  may  remove  it  at  the  expense 
of  the  contractor. 


SPECIFICATIONS    FOR    HOT    WATER    HEATING    SYSTEMS 

1.  Special  Note 

The  General  Conditions  as  given  in  Part  1,  this  Chapter,  shall  be  considered  to 
apply  with  equal  force  to  this  specification,  and  the  contractor  shall  consult  them  in 
detail  for  instructions  pertaining  to  his  work. 

2.  Scope  of  Work 

The  contractor  shall  furnish  all  labor,  materials,  tools,  scaffolding  and  equipment, 
unless  otherwise  noted,  necessary  for  and  reasonably  incidental  to  the  completion  of  a 
hot  water  heating  system,  as  shown  on  the  plans  and  herein  specified. 

The  drawings  are  intended  only  to  show  the  general  plan  or  layout,  and  the  con- 
tractor shall  construct  the  system  complete  in  accordance  with  the  best  practice. 

The  contractor  shall  check  all  drawings  and  must  report  all  discrepancies  before 
starting  the  work.  No  allowances  will  be  made  by  the  owner  for  errors  or  discrepancies 
discovered  by  the  contractor  after  the  work  has  been  started. 
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3.  Classification  of  Systems 

a.  One-Pipe  Gravity  System — This  system  consists  of  a  hoi  water  heater,  radiators, 
supply  and  return  main  connected  to  radiators  by  runouts  all  completely  filled  with 
water.  An  expansion  tank  must  be  provided  to  take  care  of  expansion  of  water  when 
heated.  The  expansion  tank  may  be  the  open  type  and  Iccated  above  the  highest  radiator 
or  may  be  the  closed  type  located  in  the  boiler  room. 

This  system  depends  on  the  difference  in  density  of  water  due  to  difference  in  tem- 
perature in  the  flow  and  return  pipes.  It  requires  a  very  precise  desij^n  owint;  to  thu 
small  circulating  head  available,  circulation  is  slow,  pipinji  must  be  of  ample  size  to 
reduce  friction  losses,  and  it  is  not  used  in  the  latest  installations. 

b.  One-pipe  Forced  Circulation  System — This  system  is  similar  to  the  gravity  system 
with  a  circulating  pump  installed  in  the  line  for  quick  and  positive  circulation  through 
the  system,  with  consequent  smaller  temperature  drop  in  the  mains  and  more  uniform 
water  temperature  in  all  radiators. 

Smaller  sized  pipe  may  be  used  due  to  the  positive  available  head  from  the 
circulating  pump. 

Special  flow  and  return  pipe  fittings  are  available  for  improving  the  circulation 
to  risers. 

c.  Two-pipe  Direct  Return  Forced  Circulation  Systems — This  system  makes  use  of 
separate  supply  and  return  mains.  If  the  return  is  direct,  the  radiator  at  the  end  of  the 
system  has  the  longest  supply  and  longest  return  piping,  and  piping  must  be  accurately 
sized  to  prevent  short  circuiting. 

d.  Two-Pipe  Reverse  Return  Forced  Circulation  System — This  system  makes  use 
of  a  reverse  return  main  to  equalize  pipe  friction  and  attain  uniform  distribution  of  hot 
water  to  all  radiators. 

e.  One-Pipe  Main-Less  Forced  Hot  Water  System — This  system  makes  use  of  con- 
vectors,  such  as  finned  pipe  radiation  in  which  hot  water  flows  through  the  heating 
element,  ehminating  all  valves,  such  as  a  baseboard  heating  system. 

4.  Design  and  Installation 

The  design  and  installation  of  hot  water  heating  systems  should  be  entrusted  to  no 
one  but  fully  experienced  and  responsible  parties. 

Examples  of  the  design  of  the  various  types  of  hot  water  heating  systems  may  be 
found  in  the  latest  publication  of  the  Guide  and  Data  Book  of  the  .American  Society 
of  Heating,  Refrigerating  and  Ah  Conditioning  Engineers,  Inc. 

5.  Location  of  Equipment 

The  location  of  the  heating  units  as  shown  on  the  drawings  shall  be  construed  as 
being  approximately  correct.  Should  conditions  at  the  building  prove  such  as  to  make 
any  changes  necessary,  the  contractor  shall  furnish  drauings  showing  such  change. 

6.  Permits  and  Ordinances 

The  contractor  shall  pay  for  all  necessary  permits  and  comply  with  all  applicable 
codes  and  ordinances  pertaining  to  his  work.  .\ny  materials  or  work  required  by  the 
applicable  codes  and  ordinances,  but  not  mentioned  or  shown,  shall  be  furnished  by  th  • 
contractor  the  same  as  if  it  were  specifically  mentioned  or  shown. 

7.  Boiler 

The  contractor  shall  furnish  and  install  where  shown  on  the  plans  a  steel  or  cast 
iron  hot  water  boiler  complete  with  all  doors,  smoke  box,  elevated  base,  combination 
altitude  and  temperature  gage  and  all  other  regularly  furnished  accessories. 
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The  boiler  shall  be  a    

manufactured  by    ,  or  equal, 

if  approved  by  the  engineer,  having  a  Steam  Boiler  Institute  net  rating  of   

MBtu/hr. 

The  boiler  shall  be  designed  for  coal  firing,  oil  tiring  or  gas  firing  as  the  case  may  be. 
No  conversion  type  of  equipment  shall  be  considered. 

The  boiler  shall  be  furnished  with  an  insulated  steel  jacket. 

The  piping  connection  at  the  top  of  the  boiler  shall  be  equipped  with  fittings  and 
a  "dip  tube"  into  the  boiler  that  will  permit  dissolved  air  in  the  system's  water  to  enter 
the  expansion  tank  and  prevent  its  return  to  the  boiler,  piping  and  heating  units. 

8.  Circulating  Pumps 

Each  pipe  circuit  shall  have  its  individual  circulating  pump.  It  shall  be  specially 
designed  and  constructed  to  withstand  the  higher  pressure  and  temperature  at  which 
it  will  operate. 

Each  circulating  pump  shall  be  capable  of  supplying  the  required  amount  of  heated 
water  to  each  convector  in  its  circuit. 

9.  Fuel  Burners  (all  Systems) 

a.  Stokers — The  stoker  to  be  installed  in  the  above  boiler  shall  be  the  under-feed 

hopper  type  capable  of  burning   pounds  of  coal  per  hour  as  recommended 

by  the  boiler  manufacturer.  It  shall  be  Model  No made  by   

,  or  equal,  if  approved 

by  the  engineer. 

b.  Oil  Burner — The  oil  burner  to  be  installed  in  the  above  boiler  shall  be  a  Model 

No made  by   ,  or  equal, 

for  operation  with    or  lighter  fuel  oil.  The  oil  burner  shall  have 

motor,   fan  and  fuel  unit  mounted  in  one  assembly.  The  fuel  unit  shall  be  capable  of 
developing  a  pressure  of   pounds  for  atomization  of  the  oil. 

The  burner  shall  have  a  capacity  of  from   to   

gallons  of  No oil  per  hour  and  shall  be  equipped  with  a  motor  wound 

for volts phase, cycle  alternating  current. 

c.  Gas  Burner — The  gas  burner  shall  be  a  Model  No made  by 

,  or  equal,  with  an  output 

of   Btu  per  hour  when  burning  natural  gas  or  liquified  petroleum  gas 

(state  which  fuel  is  to  be  used). 

The  burner  shall  be  furnished  complete  with  gas  pressure  regulator,  automatic  pilot 
and  limit  controls  designed  to  protect  the  appliance  and  insure  safety  of  operation. 

10.  Heating  Unit  Controls 

a.  Stokers — Domestic  stokers  usually  are  controlled  by  a  room  thermostat,  a  limit 
control  and  a  stoker  relay.  When  the  thermostat  calls  for  heat,  the  relay  causes  the 
stoker  motor  to  increase  the  flow  of  fuel  and  air  to  the  burner.  When  the  thermostat  is 
satisfied,  the  relay  provides  for  a  reduced  flow  of  fuel  and  air  to  maintain  the  fire  at  its 
minimum  rate.  The  limit  control  prevents  the  continuance  of  the  maximum  fuel  rate 
if  the  temperature  or  pressure  in  the  boiler  or  furnace  exceeds  a  predetermined  value, 
and  also  stops  the  feeding  of  fuel  if  the  fire  goes  out. 
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I).  OH  Burners — Oil  burner  controls  normally  consist  of  a  room  thermostat,  a  limit 
control,  a  combustion  safety  control  and  a  control  relay.  On  a  call  for  heat  by  thi- 
thermostat,  the  relay  starts  the  oil  burner  motor  which  supplies  oil  and  air  to  the 
burner.  An  ignition  device  consisting  of  an  electric  spark  ignites  the  oil  automatically. 
If  for  any  reason  the  oil  does  not  ignite,  a  time  delay  mechanism  in  the  relay  is  operated 
by  the  combustion  safety  control  after  a  predetermined  length  of  time,  to  cause  the  oil 
and  air  supply  to  be  shut  off.  If  the  mixture  ignites  properly,  the  burner  operates  until 
the  thermostat  is  satisfied  or  until  the  limit  control  affected  by  the  temperature  or 
pressure  in  the  boiler  stops  the  burner. 

c.  Gas  Burners — Gas  burner  controls  usually  consist  of  a  room  thermostat,  a  limit 
control,  a  safety  pilot,  gas  pressure  regulator  and  a  gas  valve  (solenoid,  motorized  or 
diaphragm  type).  Upon  a  demand  for  heat  by  the  thermostat,  the  gas  valve  is  opened, 
admitting  gas  to  the  burner.  The  safety  pilot  ignites  the  gas  which  continues  to  burn 
until  the  thermostat  is  satisfied  or  until  the  limit  control  shuts  off  the  gas  valve.  Tht' 
limit  control  may  also  reduce  or  throttle  the  gas  flame  as  required  to  maintain  a  desired 
temperature  or  pressure  of  the  heating  medium.  If  the  pilot  flame  is  extinguished  for 
any  reason,  either  before  or  after  the  main  gas  valve  is  turned  on,  the  safety  pilot  closes 
the  gas  valve,  thus  eliminating  the  danger  of  delivering  gas  to  the  burner  without 
ignition. 

11.  Limit  Controls 

.■\  high  limit  control  for  hot  water  heating  systems  consists  of  either  an  immersion 
or  surface  aquastat  set  at  a  predetermined  temperature  (usually  adjustable)  which  opens 
when  the  water  temperature  reaches  the  set  point  and  shuts  down  the  burner  or  stoker. 

12.  Heating  System  Controls 

Operation  of  hct  water  heating  systems  may  be  controlled  by  one  of  the  following 
methods: 

a.  The  boiler  water  temperature  may  be  made  to  vary  inversely  with  the  outdoor 
temperature  conditions  by  means  of  an  indoor-outdoor  controller  consisting  of  an 
immersion  aquastat  and  an  outdoor  bulb. 

The  controller  shall  be  set  to  maintain  the  boiler  water  temperature  from  

to   deg  F  and  to  cycle  the  burner  as  outdoor  conditions  vary. 

Space  thermostats  shall  not  be  connected  in  any  way  with  the  controller  but  when 
any  room  or  zone  requires  heat,  the  thermostat  in  that  area  will  start  the  circulator  to 
pumping  hot  water  in  the  circuit  heating  that  area. 

b.  The  boiler  water  may  be  maintained  at  a  predetermined  temperature  by  mean-; 
of  an  immersion  aquastat  controlling  the  burner  operation  on  a  call  for  heat  by  a  room 
thermostat,  the  circulator  supplying  that  room  will  start  pumping  hot  water  in  its 
circuit. 

c.  A  room  thermostat  may  start  and  stop  the  burner,  and  when  the  boiler  water 
temperature    reaches   a   predetermined   .setting  an   aquastat   starts   the   circulating   pump. 

13.  Zone  Controls 

Often  it  is  desirable  to  divide  the  heating  into  zones  for  greater  accuracy  of  control 
and  comfort.  Each  zone  may  then  be  maintained  individually  at  the  desired  temperature 
level.  The  division  by  zones  should  be  based  upon  exposure  and  occupancy  of  the 
building  under  consideration. 
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14.  Thermostat  Location 

The  thermostat  or  thermostats  controUing  zoned  heating  shall  be  mounted  on  an 
interior  wall  of  the  space  to  be  controlled. 

15.  Breeching 

The  boiler  shall  be  connected  to  the  chimney  with  a  smoke  breeching  of  No 

gage  black  iron  provided  with  necessary  dampers  and  cleanout  openings.  The  cleanout 
openings  shall  be  ample  size  and  so  arranged  that  the  entire  length  of  breeching  can  be 
cleaned   without   being  dismantled. 

16.  Oil     Storage  Tank 

Where  required  by  local  laws  or  ordinances,  the  contractor  shall  install  with  ail 
necessary   foot  valves,  connections  and  vents,  etc.,  an   underground  oil  storage  tank  of 

approximately   gal  capacity  in  the  location  as  shown  on  the  plans.  The  tank 

shall  be  made  of  No gage  open-hearth  steel  and  shall  be  of  welded  construction. 

The  contractor  shall  place  concrete  saddles  on  top  of  the  tank  of  weight  equal  to 
the  buoyancy  of  the  tank.  A  concrete  box  shall  be  provided  on  the  top  of  the  tank, 
fitted  with  a  suitable  steel  cover  plate  or  solid  manhole  cover,  to  permit  access  to  the 
various  pipe  connections  to  the  tank. 

The  tank  shall  carry  the  Underwriter's  label. 

17.  Piping  from  Oil  Storage  Tank  to   Oil  Burners 

The   contractor  shall  connect  separate    I.D.   tubing   fuel  oil  supply  Hne 

to  the  oil  burner  of  the  boiler.  It  shall  be  connected  to  a I.D  return  hne. 

A  check  valve  shall  be  placed  in  the  supply  line  immediately  ahead  of  the  oil  burner. 

18.  Piping  Systems  and  Installation 

The  systems  of  piping  to  be  used  may  be  one-pipe  circuits,  two-pipe  circuits  or  :i 
combination  of  the  two,  with  each  circuit  having  its  own  circulating  pump. 

All  piping  exposed  in  the  building  shall  remam  uncovered,  but  any  that  may  be 
exposed  to  low  temperatures  shall  be  covered  with  pipe  insulation  of  standard  thickness 
fitted  with  metal  bands  at  ends  and  centers  of  sections.  It  shall  have  a  canvas  jacket. 

All  piping  shall  be  installed  so  that  it  is  free  to  expand  and  contract  with  changes 
in  temperature  without  producing  undue  stresses  in  the  pipes  or  connections. 

All  branches  to  risers  shall  be  taken  off  the  top  of  the  main. 

Piping  shall  be  so  pitched  that  all  air  in  the  system  can  be  vented  and  also  to 
permit  draining  the  system  in  the  boiler  room.  Sections  of  piping  individually  valved 
shall  have  corresponding  drain  valves. 

When  changing  the  size  of  horizontal  runs  of  pipe,  eccentric  fittings  shall  be  used 
to  keep  tops  of  the  pipes  in  line  to  permit  free  passage  of  air  along  the  line;  also  for 
draining  the  system. 

All  large  systems  shall  be  supplied  with  extra  stop  and  drain  valves,  suitably  located 
so  that  parts  of  the  system  may  be  isolated  for  repairs  without  making  it  necessary  to 
drain  the  water  from  the  entire  system. 

No  control  valves  .shall  be  installed  on  the  supply  or  return  mains  or  radiators 
unless  specifically  called  for  on  the  drawings. 

Radiators  requiring  venting  shall  be  equipped  with  air  valves  of  the  lock  and  shield 
compression  type. 
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All  piping  shall  be  supported  in  a  neat  and  substantial  manner  with  pipe  hangers 
spaced  not  over  10  ft  apart.  Pipe  covering  if  required  shall  be  protected  with  suitable 
metal  shields. 

19.  Expansion  Tank 

An  expansion  tank  shall  be  installed  in  the  boiler  room  as  shown  on  the  drawings. 
It  shall  be  equipped  with  a  valve  that  will  permit  draining  of  the  tank  and  at  the  same 
time  admitting  air  to  the  expansion  chamber. 

The  tank  capacity  shall  be  adequately  sized  to  take  care  of  the  expansion  of  volume 
of  water  in  the  system. 

20.  Radiation 

The  contractor  shall  provide  and  install  heat  transfer  units  where  shown  on  the 
drawings.  These  units  may  be:  wall  type  convector  radiators;  cast  iron  radiation;  unit 
heaters  or  finned  pipe  units,  depending  on  the  requirements  of  the  project. 

The  heating  units  shall  be  securely  supported  from  walls  or  ceiling. 

The  heating  units  shall  be  equipped  with  valves  of  an  approved  make  and  type  a^ 

shown  on  the  drawings.  Unit  heater  motors  shall  be  wound  for   volt, 

phase,   cycle  alternating  current. 

21.  Pipe  Material 

All  piping  shall  be  new  standard  steel  pipe  of  the  sizes  shown  on  the  drawings.  All 
branches  on   both  supply  and   return  lines  shall  be  threaded  unless  otherwise  specified. 

Threaded  pipe  shall  be  carefully  reamed  after  threading  and  threaded  ends  completely 
covered  with  a  good  grade  of  pipe  joint  compound. 

All  fittings  shall  be  standard  malleable  iron,  banded,  screwed  fittings  designed  for 
working  pressures  up  to  ISO  lb,  recessed  and  threaded  with  threads  clean  cut,  taperinc; 
and  smooth. 

Unions  shall  be  of  the  railroad  pattern,  metal-to-metal  type,  not  requiring  gaskets. 

Valves,  except  boiler  fill-up  valve,  shall  be  of  the  gate  valve  type  to  permit  free 
flow  of  water  with  minimum  friction. 

22.  Electric  Wiring 

.All  electric  wiring  in  connection  with  the  installation  of  a  complete  heating  system 
shall  be  done  in  accordance  with  the  National  Electric  Code,  except  where  local  laws  or 
regulations  conflict,  in  which  case  such  laws  shall  govern. 

23.  Floor  Flanges 

All  pipe  passing  through  floor  or  partitions  shall  be  finished  with  plated  floor  flanges. 

24.  Testing  of  Piping  System 

In  addition  to  any  tests  required  by  the  local  authorities,  the  contractor  .shall  make 
the  following  tests  in  the  presence  of  the  engineer. 

The  piping  systems  and  appurtenances,  including  all  heat  transfer  units,  shall  In- 
tested  by  filling  with  water  and  the  pressure  increased  to  150  psi,  except  where  cast  iron 
radiation  is  installed,  at  the  highest  point  of  the  system.  All  valves  shall  be  open  to 
obtain   full  hydrostatic  pressure  on  the  system. 

The  contractor  shall  notify  the  engineer  in  advance  that  he  is  ready  to  make  these 
tests.  Any  leaks  or  defects  revealed  by  these  tests  shall  be  remedied  and  any  damage 
done  as  a  result  of  these  tests  shall  be  made  good  by  the  contractor. 
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25.  Completing  and  Guarantee 

On  completion  of  the  entire  work,  the  contractor  shall  clean  out  all  lines,  adjust 
all  valves,  apparatus  and  equipment,  and  leave  the  entire  work  in  complete  working 
order  before  submitting  to  the  engineer  for  final  approval. 

On  the  acceptance  of  the  installation  by  the  owner,  the  contractor  shall  give  instruc- 
tions as  to  the  operation  of  the  plant,  showing  in  detail  all  points  that  require  attention 
and  turn  same  over  to  the  owner. 

The  contractor  must  guarantee  the  satisfactory  operation  of  the  system  as  herein 
described  and  indicated  on  drawings  and  that  it  will  be  capable  of  warming  the  room.s 

of  the  building  to  a  temperature  of   deg  F,  when  the  outside  temperature 

is  as  low  as deg  F,  and  the  water  in  the  convector  is  not  to  exceed 

deg  F. 

He  must  guarantee  also  that  the  water  will  circulate  freely,  without  crowding  or 
forcing  to  all  parts  of  the  system,  and  should  any  defects  appear  in  same  within  the 
course  of  one  year  of  actual  operation,  the  contractor  shall  make  good  such  defects  at 
his  own  expense. 

If  in  the  opinion  of  the  contractor  the  amount  of  radiation  and  size  of  boiler  as 
set  forth  on  the  drawings  is  not  sufficient  to  fulfill  his  guarantee,  he  shall  state  in  his 
proposal  the  amount  of  additional  radiation  and  additional  boiler  capacity  which,  in  his 
judgment,  are  necessary  and  shall  quote  prices  on  same. 

Any  omissions  in  these  specifications,  or  in  the  drawings  accompanying  same,  do  not 
relieve  the  contractor  of  his  obligations  to  install  the  system  complete  in  every  respect 
to  fulfill  his  guarantee. 

26.  Final  Cleaning 

At  the  completion  of  the  work,  the  contractor  shall  remove  all  construction  equip- 
ment, scaffolding,  staging,  erection  platforms,  and  all  surplus  material  from  the  premises, 
leaving  the  building  in  a  clean  and  acceptable  condition.  If  any  equipment,  material  or 
debris  is  not  removed  with  sufficient  promptness,  the  carrier  may  remove  it  at  the 
expense  of  the  contractor. 

Pages  6-16-9  to  6-16-11,  incl. 

SPECIFICATIONS  FOR  WARM  AIR  AND  BLAST  HEATING 

Delete,   substituting   therefor  the   following: 
SPECIFICATIONS  FOR  FORCED  WARM  AIR  HEATING  SYSTEMS 

1.  Special  Note 

The  General  Conditions  as  given  in  Part  1,  this  Chapter,  shall  be  considered  to  apply 
with  equal  force  to  this  specification,  and  the  contractor  shall  consult  them  in  detail  for 
instructions  pertaining  to  his  work. 

2.  Scope  of  Work 

The  contractor  shall  furnish  all  labor,  materials,  tools,  scaffolding  and  equipment, 
unless  otherwise  noted,  necessary  for  and  reasonably  incidental  to  the  completion  of  a 
forced  warm  air  heating  system,  as  shown  on  the  plans  and  herein  specified. 

The  drawings  are  intended  only  to  show  the  general  plan  or  layout,  and  the  con- 
tractor shall  construct  the  system  complete  in  accordance  with  the  best  practice. 
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The  contractor  shall  check  all  drawings  and  must  report  all  discrepancies  before 
starting  the  work.  No  allowances  will  be  made  by  the  owner  for  errors  or  discrepancies 
discovered  by  the  contractor  after  the  work  has  been  started. 

3.  Type  of  Heating  System 

The  heating  system  shall  consist  of  an  automatically  fired  forced  warm  air  furnace 
supplying  warm  air  through  duct  work  to  ceiling  or  wall  registers;  and  a  cold  air  return 

duct,  where   necessary,  designed   for  a  room  temperature  of   deg  F,  with  a 

outside  temperature  of   deg  F. 

4.  Design  and  Installation 

The  design  and  installation  of  formed  warm  air  heating  systems  should  be  entrusted 
to  no  one  but  fully  experienced  and  responsible  parties. 

Examples  of  the  design  of  the  various  types  of  forced  warm  air  heating  systems  may 
be  found  in  the  latest  publication  of  the  Guide  and  Data  Book  of  the  American  Society 
of  Heating,   Refrigerating  and  Air  Conditioning  Engineers,  Inc. 

5.  Location  of  Equipment 

The  location  of  the  heating  units  as  shown  on  the  drawings  shall  be  construed  as 
being  approximately  correct.  Should  conditions  at  the  building  prove  such  as  to  make 
any  changes  necessary,  the  contractor  shall  furnish  drawings  showing  such  change. 

6.  Permits  and  Ordinances 

The  contractor  shall  pay  for  all  necessary  permits  and  comply  with  all  applicable 
codes  and  ordinances  pertaining  to  his  work.  Any  materials  or  work  required  by  the 
applicable  codes  and  ordinances,  but  not  mentioned  or  shown,  shall  be  furnished  by  the 
contractor  the  same  as  if  it  were  specifically  mentioned  or  shown. 

7.  Furnace 

The  contractor  shall  furnish  and  install  where  shown  on  the  plans,  a  steel  warm  air 
furnace  complete  with  automatic  controls,  thermostat,  blower  and  Umit  controls. 

The  furnace  shall  be  a  Model  No manufactured  by  

,  or  equal,  if  approved  by  the  engineer,  having 

an  input  of Btu  and  an  output  of Btu  at  the  bonnet. 

It  shall  be  furnished  with  an  insulated  steel  jacket. 

The  furnace  shall  be  designed  for  coal,  oil  or  gas  firing  as  the  case  may  be.  No 
conversion  type  of  equipment  shall  be  considered. 

8.  Fan 

The  fan  shall  deliver   cfm  against  an  external  static  resistance  of 

water  gage  pressure  with  a   hp  motor  at  a  maximum 

fan  speed  of  rpm. 

The  fan  section  shall  be  designed  to  permit  installation  of  a  future  cooling  unit  when 
so  specified. 

9.  Filters 

The  filters  shall  be    type    inches  thick  as  manufactured 

by    ,  or  equal. 
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10.  Humidifier 

A  humidifier  of  the  type  shall  be  installed  in  the  plenum 

chamber  to  overcome  the  drying  effect  of  the  warm  air  heating  system. 

11.  Fuel  Burners  (All  Systems) 

a.  Stokers — The  stoker  to  be  installed  in  the  above  furnace  shall  be  the  under-feed 

hopper  type  capable  of  burning   pounds  of  coal  per  hour  as  recommended 

by  the  furnace  manufacturer.  It  shall  be  Model  No made  by  

,  or  equal,  if  approved  by  the  engineer. 

b.  Oil  Burner — The  oil  burner  to  be  installed  in  the  above  furnace  shall  be  a  Model 

No ,  made  by for  operation  with 

or  lighter  fuel  oil.  The  oil  burner  shall  have  motor,  fan  and  fuel  unit  mounted  in 

one  assembly.  The  fuel  unit  shall  be  capable  of  developing  a  pressure  of pounds 

for  atomization  of  the  oil. 

The  burner  shall  have  a  capacity  of  from   to    gallons  of  No. 

oil  per  hour  and  shall  be  equipped  with  a  motor  wound  for   volts 

phase,    cycle  alternating  current. 

c.  Gas  Burner — The  gas  burner  shall  be  a  Model  No made  by   

with  an  output  of   

Btu  per  hour  when  burning  natural  gas  or  liquified  petroleum  gas   (state  which  fuel  is 
to  be  used) . 

The  burner  shall  be  furnished  complete  with  gas  pressure  regulator,  automatic  pilot 
and  limit  controls  designed  to  protect  the  appliance  and  insure  safety  of  operation. 

12.  Heating  Unit  Controls 

a.  Stokers — Domestic  stokers  usually  are  controlled  by  a  room  thermostat,  a  limit 
control  and  a  stoker  relay.  When  the  thermostat  calls  for  heat,  the  relay  causes  the 
stoker  motor  to  increase  the  flow  of  fuel  and  air  to  the  burner.  When  the  thermostat  is 
satisfied,  the  relay  provides  for  a  reduced  flow  of  fuel  and  air  to  maintain  the  fire  at  its 
minimum  rate.  The  limit  control  prevents  the  continuance  of  the  maximum  fuel  rate 
if  the  temperature  in  the  furnace  exceeds  a  predetermined  value,  and  also  stops  the 
feeding  of  fuel  if  the  fire  goes  out. 

b.  Oil  Burners — Oil  burner  controls  normally  consist  of  a  room  thermostat,  a  limit 
control,  a  combustion  safety  control  and  a  control  relay.  On  a  call  for  heat  by  the 
thermostat,  the  relay  starts  the  oil  burner  motor  which  supplies  oil  and  air  to  the  burner. 
An  ignition  device  consisting  of  an  electric  spark  ignites  the  oil  automatically.  If  for  an>- 
reason  the  oil  does  not  ignite,  a  time  delay  mechanism  in  the  relay  is  operated  by  the 
combustion  safety  control  after  a  predetermined  length  of  time  to  cause  the  oil  and  air 
supply  to  be  shut-off.  If  the  mixture  ignites  properly,  the  burner  operates  until  the 
thermostat  is  satisfied  or  until  the  limit  control  affected  by  the  temperature  stops  the 
burner. 

c.  Gas  Burners — Gas  burner  controls  usually  consist  of  a  room  thermostat,  a  limit 
control,  a  safety  pilot,  gas  pressure  regulator  and  a  gas  valve  (solenoid,  motorized  or 
diaphragm  type).  Upon  a  demand  for  heat  by  the  thermostat,  the  gas  valve  is  opened, 
admitting  gas  to  the  burner.  The  safety  pilot  ignites  the  gas  which  continues  to  burn 
until  the  thermostat  is  satisfied  or  until  the  limit  control  shuts  off  the  gas  valve.  The 
limit  control  may  also  reduce  or  throttle  the  gas  flame  as  required  to  maintain  a  desired 
temperature.  If  the  pilot  flame  is  extinguished  for  any  reason,  either  before  or  after  the 
main  gas  valve  is  turned  on,  the  safety  pilot  closes  the  gas  valve,  thus  eliminating  the 
danger  of   delivering  gas   to   the   burner  without  ignition. 
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13.  Thermostat  Location 

The  thermostat  or  thermostats  controlling  zoned  heating  shall  be  mounted  on  an 
interior  wall  of  the  space  to  be  controlled. 

14.  Breeching 

The   furnace   shall   be   connected   to   the   chimney   with   a   smoke   breeching  of   No. 

gage  black  iron  provided  with  necessary  dampers  and  clcanout  openings.  The 

cleanout   openings   shall   be   of   ample   size   and   so   arranged   thai    the   entire   length   of 
breeching  can  be  cleaned  without  dismantling. 

15.  Oil  Storage  Tank 

Where  required  by  local  laws  or  ordinances,  the  contractor  shall  install  with  all 
necessary   foot   valves,  connections  and  vents,  etc.,  an  underground  oil  storage  tank  of 

approximately   gal  capacity  in  the  location  as  shown  on  the  plans.  The  tank 

shall   be   made   of   No gage  open-hearth   steel  and   shall   be   of  welded 

construction. 

The  contractor  shall  place  concrete  saddles  on  top  of  the  tank  of  weight  equal  to 
the  buoyancy  of  the  tank.  A  concrete  box  shall  be  provided  on  the  top  of  the  tank, 
fitted  with  a  suitable  steel  cover  plate  or  solid  manhole  cover,  to  permit  access  to  the 
various  pipe  connections  to  the  tank. 

The  tank  shall  carry  the  Underwriter's  label. 

16.  Piping  from  Oil  Storage  Tank  to  Oil  Burners 

The  contractor  shall  connect  separate    I.D.  copper  tubing  fuel  oil  supply 

line  to  the  oil  burner  of  the  furnace.  It  shall  be  connected  to  a   I.D.  copper 

tubing  return  line. 

A  check  valve  shall  be  placed  in  the  supply  line  immediately  ahead  of  the  oil  burner 
to  keep  the  supply  line  primed  at  all  times. 

17.  Ducts 

Ducts  may  be  either  round  or  rectangular  in  cross  section  and  constructed  of 
aluminum,  galvanized  steel  or  other  approved  materials. 

They  shall  be  of  sizes  shown  on  the  drawings  and  constructed  in  accordance  with 
the  best  practice  of  modern  sheet  metal  shops. 

Gages  of  aluminum  or  steel  sheets  used  for  rectangular  ducts  shall  conform  to  tables 
published  in  the  latest  edition  of  the  ASHRAE  Guide. 

Whenever  ducts  pass  through  firewalls  or  connect  two  fire  areas  of  a  building, 
automatic  fire  dampers  shall  be  installed. 

A  fire-resistant  fabric  shall  be  used  to  connect  duct  work  to  the  furnace  casing  and 
fan  housing. 

18.  Dampers 

Dampers  shall  be  installed  in  the  system  to  direct  and  control  the  flow  of  warm  air. 
They   shall  be  of  the  type  and  in   the  location  shown  on   the  drawings  and  shall 
have  adjustable  quadrants  to  show  the  position  of  the  damper. 

Positive  locking  devices  shall   be  provided  for  each  main  or  branch  duct  damper. 

19.  Registers  and  Grilles 

Supply  registers  may  be  ceiling,  high  wall  or  baseboard  type  as  called  for  on  the 
plans  or  specified  more  in  detail  herein.  They  shall  be  equipped  with  deflecting  diffusers 
to  spread  the  air  discharge. 
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Registers  discharging  warm  air  into  rooms  shall  have  a  free  area  not  less  than  the 
area  of  the  leader  pipe  to  which  it  is  attached. 

Return  air  grilles  shall  be  installed  in  the  baseboard  or  near  the  floor.  They  should 
be  near  the  greatest  exposure  of  a  room  and  away  from  the  supply  to  prevent  drafts 
and  short  circuiting  of  the  warm  air. 

Free  area  of  return  grilles  shall  not  be  less  than  the  return  duct  to  which  it  is 
attached. 

20.  Insulation 

Supply  and  return  ducts  passing  through  unheated  spaces  shall  be  insulated. 

21.  Electric  Wiring 

All  electric  wiring  in  connection  with  the  installation  of  a  complete  heating  system 
shall  be  done  in  accordance  with  the  National  Electric  Code,  except  where  local  laws 
or  regulations  conflict,  in  which  case  such  laws  shall  govern. 

22.  Testing 

The  contractor  shall  make  a  test  of  the  complete  installation  in  the  presence  of  the 
engineer.  Any  defects  revealed  during  the  test  shall  be  remedied,  and  any  damage  done 
as  a  result  of  the  test  shall  be  made  good  by  the  contractor. 

23.  Completion  and  Guarantee 

Before  submitting  the  installation  for  approval,  the  contractor  shall  make  all  neces- 
sary adjustments  to  the  heating  system.  He  shall  give  instructions  as  to  the  operation 
of  the  system,  showing  in  detail  all  points  requiring  attention. 

The  contractor  shall  guarantee  the  satisfactory  operation  of  the  system  as  herein 
described  and  shown  on  the  drawings  and  that  it  will  be  capable  of  warming  the  rooms 

to   a   temperature   of    deg  F,   when   the   outside   temperature  is    

deg  F. 

If  in  the  opinion  of  the  contractor  the  heating  equipment  as  set  forth  on  the  draw- 
ings is  not  of  sufficient  capacity  to  fulfill  his  guarantee,  he  shall  state  in  his  proposal 
the  additional  equipment,  which  in  his  judgment  is  necessary  and  shall  quote  prices 
on  same. 

The  contractor  shall  guarantee  that  the  entire  heating  system  will  be  free  from 
defects  in  material  and  workmanship  and  that  any  defective  material  or  workmanship 
will  be  replaced  at  his  expense  for  a  period  of  one  year  from  the  completion  date. 

Any  omissions  in  these  specifications,  or  in  the  drawings  accompanying  same,  do  not 
relieve  the  contractor  of  his  obligations  to  install  the  system  complete  in  every  respect 
to  fulfill  his  guarantee. 

24.  Final  Cleaning 

At  the  completion  of  the  work,  the  contractor  shall  remove  all  construction  equip- 
ment, scaffolding,  staging,  erection  platforms,  and  all  surplus  material  from  the  prem- 
ises, leaving  the  building  in  a  clean  and  acceptable  condition.  If  any  equipment,  material 
or  debris  is  not  removed  with  sufficient  promptness,  the  owner  may  remove  it  at  the 
expense  of  the  contractor. 
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Pages  6-19-1  to  6-19-9,  incl. 

SPECIFICATIONS   FOR   CHIMNEYS,   FLUES  AND   VENTS 

Page  6-19-8.  Add   following  Art.  5  to  Sec.  D.  Metal  Chimneys: 

5.  Prefabricated  Chimneys 

For  buildings  up  to  two  stories  high,  chimney  may  be  one  of  the  patented  pre- 
fabricated types,  provided  that  it  has  been  approved  by  Underwriters  Laboratories,  Inc., 
for  zero  clearance  and  is  installed  in  accordance  with  the  manufacturer's  instructions 
and  in  compliance  with  the  local  Building  Codes. 
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(E)  Member  Emeritus. 

*  Died  May  1,  1963. 

Those    whose    names    are    set    in    buld-face    type    cim^titutt-    the    Kngineeiing    Divisiiin,    A.\R,    Com- 
mittee 28. 

To  the  American  Railway  Engineering  Association: 

Your  committee   reports  on   the   following  subjects: 

1.  Revision  of  Manual. 

No  revisions  proposed  for  this  year. 

2.  Compilation  of  the  railroad  clearance  requirements  of  the  various  states. 
No  known  changes  have  occurred  since  the  previous  report,  therefore  no 
further  report  at  this  time. 

i.  New   methods  and  electronic  devices  for  recording  measurements  of  clear- 
ances of  structures  along  right-of-way  and  overall  dimensions  of  cars  and 
loads  in  yards  and  at  interchange  points,  looking  to  the  possible  use  of  a 
computer  program  for  routing  high  and  wide  loads. 
Preliminary   report,  presented  as  information    page  .Ul 

5.  Clearance  allowances  to  provide  for  vertical  and  horizontal  movements  of 
equipment  due  to  lateral  play,  wear  and  spring  deflection,  collaborating 
with  the  Mechanical  Division,  A.AR. 

Preliminary   report,   presented  as  information    page  .^42 

6.  Feasibility  of  formulating  a  more  complete  method,  for  use  of  Transporta- 
tion Departments,  in  reporting  loads  of  e-xcessivc  dimensions  to  minimize 
necessity  for  requesting  additional  information,  collaborating  with  the 
Mechanical  Division,  AAR. 
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No  report.  Committee  is  currently  assembling  basic  data  as  to  various  meth- 
ods used  in  reporting  excessive  dimensions  of  loading  and  subsequent 
handling.  After  these  are  studied  a  progress  report  will  be  submitted. 

8.  Review  present  methods  of  presenting  published  clearance  information: 

(a)  To  determine  how  this  can  be  simplified  and/or  standardized. 

(b)  To  determine  the  feasibility  of  including  in  the  Official  Railway  Equip- 
ment Register  the  light  weight  and  height  of  center  of  gravity  of  all 
heavy-duty  fiat  cars  to  aid  clearance  personnel  in  routing  shipments 
of  excessive  weight. 

Preliminary   report,   presented  as  information    page  343 

9.  Review    clearance    records    of    various    railroads,    looking    to    develioping   a 
standardized  method  for  charting  all  obstructions. 

Preliminary  report,  presented  as  information    page  344 

The  Committee  on  Clearances, 

R.  L.  Williams,  Chairman. 

ARE.-X    Bulletin    582,    December    1963. 


MEMOIR 

J^arrp  (gorlion  Mfjittet,  f  r. 

Harry  Gordon  Whittet,  Jr.,  retired  assistant  office  engineer,  Chesapeake  &  Ohio 
Railway,  Richmond,  Va.,  died  at  Medical  College  of  Virginia  Hospital,  Richmond,  on 
May  1,  1963.  Mr.  Whittet  had  been  in  ill  health  for  several  years  and  had  retired  because 
of  disabihty.  He  is  survived  by  his  wife,  Reba  Fralin  Whittet,  his  mother,  four  sisters 
and  a  brother. 

Mr.  Whittet  was  born  August  25,  1902,  in  Richmond,  Va.  He  received  his  education 
in  the  Henrico  County,  Va.,  and  Richmond,  Va.,  public  schools  and  studied  courses  in 
architectural  drafting  and  railway  engineering  with  International  Correspondence  Schools. 

Mr.  Whittet  entered  railroad  service  in  1922  as  a  clerk  in  car  accounting  with  the 
Chesapeake  &  Ohio.  In  1924  he  became  a  signal  helper  and  later  in  the  same  year  he 
resigned.  Returning  to  railroad  service  in  1926,  again  with  the  Chesapeake  &  Ohio,  he 
was  successively  signal  helper,  signal  draftsman,  maintenance  draftsman,  assistant  cost 
engineer,  assistant  supervisor  of  track,  maintenance  draftsman,  designer,  assistant  engineer 
and  assistant  office  engineer,  which  position  he  held  when  he  retired  on  August  31,  1962. 

Mr.  Whittet  joined  the  AREA  in  1942  and  had  served  on  Committee  28  since  1953. 

The  members  of  Committee  2?,  sincerely  regret  Mr.  Whittet's  passing. 

R.  L.  Williams 
J.  A.  Crawford 
S.  M.  Dahl 
Committee   on  Memoir. 
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Report  on  Assignment  3 

New    Methods    and    Electronic    Devices    for    Recording 

Measurements   of    Clearances   of   Structures   Along 

Right-of-Way  and   Overall   Dimensions   of   Cars 

and    Loads    in    Yards    and    at    Interchange 

Points,   Looking   to   the   Possible   Use 

of  a  Computer  Program  for  Routing 

High  and  Wide  Loads 

C.  W.  Hamilton  (chairman,  subcommittee),  C.  O.  Bird,  J.  A.  Crawford,  S.  M.  Dahl, 
R.  D.  Erhardt,  J.  E.  Good,  J.  G.  Greenlee,  C.  F.  Intlekofer,  J.  L.  Kampwirth, 
M.  L.  Koehler,  R.  C.  Nissen,  R.  B.  Persels,  C.  E.  Peterson,  R.  L.  Williams. 

Your  committee  submits  the  following  preHminary  report  as  information.  Present 
methods  generally  employed  in  the  checking  of  clearances  for  outsize  loads  are  time 
consuming.  Inaccurate  results  in  the  measurement  of  loads  and  obstructions  can  result 
in  damage  to  lading  and  structures  or  can  result  in  failure  to  take  advantage  of  the  full 
clearance  possibilities  of  the  individual  routes.  Each  individual  outsize  load,  when  routed 
over  several  railroads,  requires  a  large  volume  of  messages  before  shipment  can  finally 
be  accepted  for  handling  over  the  selected  route.  Electronic  devices,  computers,  sorters, 
photographic  devices,  etc.,  now  on  the  market,  have  possible  applications  to  this  use; 
and  other  devices  are  in  the  experimental  stages.  Some  devices  available  on  the  market 
seem  to  have  practical  applications  and  include  the  following: 

1.  Oversize  Load  Detector 

A  beam  of  light  is  projected  across  track  or  tracks  at  a  height  slightly  lower  than 
the  overhead  structures  ahead.  When  the  beam  is  interrupted  an  alarm  responds.  If  a 
load  is  to  be  scanned  for  clearance  through  tunnels  with  arched  roofs  or  other  structures 
with  irregular  side  clearances,  a  more  complicated  system  of  light  beams  must  be  pro- 
vided. Installations  must  include  a  system  for  manually  testing  and  an  indication  of 
non-operation  due  to   fog,  smoke,  lamp  burnout,  etc. 

Another  practical  application  for  this  device  is  to  locate  it  at  a  stopping  distance 
on  both  sides  of  important  close-clearance  structures.  Oversize  loads  or  shifted  loads 
would  interrupt  the  light  beam  and  actuate  a  signal  to  stop  the  train.  It  is  important 
for  these  devices  to  be  rigidly  mounted,  and  tracks  being  monitored  must  be  maintained 
in  good  cross  level.  Where  a  long  string  of  similarly  loaded  cars  are  being  monitored, 
a  car  counter  or  a  device  for  marking  the  non-clearance  cars  should  be  provided  so  that 
cars  with  shifted  lading  can  be  adjusted  and  excess-size  loads  can  be  switched  out  and 
rerouted. 

With  an  installation  of  this  type,  some  false  indications  may  be  given  when  the 
light  beam  is  interrupted  by  birds,  snow,  or  flying  objects. 

2.  Measurement  of   Clearances  by  Photogrammetry 

The  Swiss  Federal  Railways  have  constructed  a  clearance-measuring  vehicle  using 
a  method  based  on  stereoscopic  photography.  Photographs  taken  from  the  vehicle  are 
placed  in  a  special  form  of  stereoscopic  viewer.  A  pointer  is  moved  so  that  it  appears 
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to  follow  the  contours  of  the  three-dimensional  picture  and  is  linked  with  a  recording 
pen  so  that  the  profile  traced  is  reproduced  on  a  drawing  board  as  a  cross-sectional 
diagram. 

3.   Measurement  of   Clearances  by  Photography 

A  system  using  photography  to  measure  clearances  is  being  offered  to  the  railroad 
industry.  The  device  is  being  used  on  one  United  States  railroad.  Mounted  on  a  moving 
inspection  motor  car,  the  system  uses  a  high-pressure  mercury  gas  discharge  light  source 
to  achieve  an  intense  brightness.  This  is  focused  on  a  pair  of  flat  mirrors  which  reflect  it 
at  right  angles.  When  the  mirrors  are  rotated  at  high  speeds,  they  create  a  plane  of  light 
that  illuminates  a  thin  band  of  the  structure's  surface.  A  remote-controlled  camera 
photographs  the  band,  showing  a  cross  section  of  the  surface  as  the  car  moves  through 
the  structure.  The  film  is  projected  onto  a  grid  screen  and  the  exact  measurements  can 
then  be  read  directlv  from  the  screen. 


Report  on  Assignment  5 

Clearance   Allowances   to   Provide  for   Vertical   and 

Horizontal   Movements   of   Equipment   Due   to 

Lateral  Play,  Wear  and  Spring  Deflection 

Collaborating   with   the    Mechanical   Division,   AAR 

E.  E.  Mills  (chairman,  subcommittee),  J.  E.  Beran,  C.  O.  Bird,  B.  Bristow,  D.  H. 
Brown,  J.  A.  Crawford,  S.  M.  Dahl,  J.  E.  Fanning,  J.  G.  Greenlee,  C.  W.  Hamil- 
ton, A.  R.  Harris,  C.  F.  Intlekofer,  W.  I.  King,  W.  P.  Kobat,  M.  D.  Murphv, 
R.  C.  Nissen,  C.  E.  Peterson,  R.  C.  Rankin,  J.  W.  Wagner,  C.  R.  Wallace,  H.  G. 
Whittet,  Jr.,  R.  L.  Williams. 

Your  committee  last  year  (Bulletin  575,  December  1962,  pages  334-354)  submitted 
a  report  on  test  runs  of  freight  cars  on  the  Delaware,  Lackawanna  &  Western  Railroad, 
now  the  Erie-Lackawanna  Railroad,  in  October  and  November  1959.  In  addition,  tests 
on  a  TTX  car  loaded  with  two  40-ft  trailers,  and  a  three-level,  85-ft  auto  carrier  were 
made  in  May  1961.  As  these  latter  tests  were  made  on  only  two  of  the  many  types  of 
cars  engaged  in  this  traffic,  they  are  considered  to  be  inconclusive.  Further  tests  are 
planned. 
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Report  on  Assignment  8 

Review   Present    Methods   of   Presenting    Published 
Clearance   Information 

(a)  To  Determine  How  This  Can  Be  Simplified  and/or  Standardized 

(b)  To  Determine  the  Feasibility  of  Including  in  the  Official  Equipment 
Register  the  Light  Weight  and  Height  of  Center  of  Gravity  of  All 
Heavy-Duty  Flat  Cars  to  Aid  Clearance  Personnel  in  Routing  Ship- 
ments of  Excessive  Weight 

J.  A.  Crawford  (chairman,  subcommittee),  J.  D.  Batchelder,  J.  E.  Beran,  B.  Bristow, 
D.  H.  Brown,  R.  D.  Erhardt,  J.  E.  Good,  J.  G.  Greenlee,  C.  W.  Hamilton,  C.  F. 
Intlekofer,  J.  L.  Kampwirth,  W.  P.  Kobat,  R.  C.  Nissen,  C.  E.  Peterson,  R.  C. 
Rankin,  \V.  S.  Ray,  R.  A.  Skooglun,  R.  L.  Williams. 

Your  committee  submits  the  following  report  on  the  status  of  part  (a)  and  on  the 
progress  of  part  (b)   of  the  assignment. 

Part  (a).  Last  year  your  committee  presented  as  information  a  progress  report, 
together  with  a  proposed  method  of  presenting  published  clearance  information,  to  be 
considered  for  adoption  (Bulletin  575,  December  1962,  pages  355  to  358,  incl.).  At  its 
meeting  on  October  8,  1963,  the  committee  approved  submitting  the  proposed  method 
to  letter  ballot,  looking  to  presenting  the  material  to  the  Association  for  adoption  and 
publication  in  the  Manual. 

Part  (b).  Members  of  the  subcommittee  were  canvassed  for  ideas  and  suggestions 
on  as  to  how  this  new  portion  should  be  handled.  There  being  no  agreement,  the  problem 
was  presented  to  the  entire  committee  at  the  meeting  on  October  9,  1963.  At  that  time 
the  committee  outlined  how  the  subject  should  be  progressed,  and  the  subcommittee 
is  now  proceeding  as  directed. 


344  Clearances 


Report  on  Assignment  9 

Review  Clearance  Records  of  Various  Railroads, 

Looking    to    Developing    a    Standardized 

Method  for  Charting  all  Obstructions 

M.  E.  Vosseller  (chairman,  subcommittee),  J.  D.  Batchelder,  J.  E.  Beran,  C.  O.  Bird, 
E.  S.  Birkenwald,  B.  Bristow,  J.  A.  Crawford,  S.  M.  Dahl,  R.  D.  Erhardt,  J.  G. 
Greenlee,  C.  W.  Hamilton,  C.  F.  Intlekofer,  J.  L.  Kampwirth,  J.  R.  Moore,  J.  F. 
Pearce,  C.  E.  Peterson,  R.  C.  Rankin,  J.  W.  Wagner,  R.  L.  Williams. 

Your  committee  submits  the  accompanying  chart  featuring  the  salient  items  of  infor- 
mation solicited  from  all  members.  The  committee  considered  these  items  to  be  the  most 
generally  useful  to  personnel  responsible  for  clearing  excessive-dimension  shipments. 

The  chart  shows  clearance  obstructions  and  critical  areas  relative  to  the  movement 
of  high  and  wide  loads  over  a  given  territory  on  a  hypothetical  railroad.  Also  shown 
is  pertinent  information  to  be  used  in  clearing  a  load  through  each  restrictive  area. 

Your  committee  recognizes  the  fact  that  there  are  various  requirements  and  standards 
established  by  the  individual  carriers,  and  the  form  of  the  chart  may  be  modified  to 
best  fit  their  particular  needs. 

This  report  is  submitted  as  information.  Comments  from  interested  members  of 
the  Association  are  solicited. 
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Model  N  U  Tie  Cutter 


HERE  IS  THE  WINNING  TEAM 

The  Woolery  NU  Tie  Cutter  and  the  Woolery  Tie-end  Remover  preserve  the  line  and  surface 
of  the  track  and  at  the  same  time  reduce  the  cost  of  tie  renewals.  Ties  can  be  removed 
without  trenching,  jacking  up  track  or  adzing  tops  of  rail-cut  ties.  With  this  team  you  simply 
cut  both  ends  of  tie,  pry  out  center  piece,  insert  in  its  place  the  tie-end  remover  and  out 
go  the  tie  ends  pushed  by  the  double  acting,  double  ended  hydraulic  cylinder  of  the  Tie- 
end  remover. 


FOR  HIGHEST  EFFICIENCY  USE  TWO  TIE  CUTTERS  WITH  ONE  TIE-END  REMOVE! 


WOOLERY  MACHINE  COMPANY 


MINNEAPOLIS,   MINN. 


A  NEW  SYMBOL  YOU'LL  SEE 

ON  THE  MOST  ADVANCED 

AUTOMATED  TAMPERS 

It's  the  newest,  most  thoroughly  engineered,  most  efficient  automated 
tamping  equipment  ever  offered.  These  are  the  machines  you  have 
been  waiting  for,  because  behind  them  stands  the  experience  and 
leadership  of  Jackson  Vibrators,  Inc.  .  .  .  the  uncompromising  stan- 
dards of  design,  engineering,  quality  control  and  field  service  that 
you've  relied  on  for  more  than  half  a  century.  This  trade-mark  is  new 
.  .  .  but  what  it  stands  for  is  as  old  as  the  Jackson  name.  Whether  it  is 
on  the  new  automated  maintainers  or  conventional  track  tamping 
equipment,  it  is  your  assurance  of  the  highest  integrity,  the  most 
practical  designing  and  engineering,  and  the  most  comprehensive 
service  to  users  available  to  railroad  maintenance  men  throughout 
the  nation.  This  is  the  new  "Symbol"  of  progress  in  railroad  mainte- 
nance. Be  sure  you  get  complete  information  concerning  the  new  auto- 
mated Jackson,  and  "automation  conversion"  package  for  earlier 
models  of  the  Jackson  Track  Maintainer  before  purchasing  any  new 
tamping  equipment. 


JACKSON  VIBRATORS,  IIMC, 

LUDINGTON,      MICHIGAN.      USA  R3-4A 


with  America's  most  complete  line  of 
special  trackwork:  For  Railroads, 
Mines  and  Industries — A  complete 
line  of  frogs,  switches  and  crossings  • 
Trackwork  for  installation  in  paved 
areas  •  Manganese  steel  guard  rails 
•  Automatic  switch  stands  •  Samson 
switch  points  •  Snow-Blowers  •  Switch 
point  guards  •  Rail  and  flange  lubri- 
cators •  Tie  pads  •  Racor  studs  •  Dual 
spike  setters  •  Dual  spike  drivers  • 
Car  retarders. 

with  America's  most  complete  track- 
work  manufacturing  facilities:  Coast 
to  coast  to  serve  your  needs. 


•-   RACOR  PLANTS: 

Buffalo  •  Chicago  Heights  •  Los  Angeles  • 
Niagara  Falls,  Ontario,  Canada  •  Pueblo 
•  Superior. 

if  RACOR  SALES  AND  ENGINEERING 

Chicago-  Cleveland  •  Denver-  Houston- 
Los  Angeles  •  Louisville  -  New  York  - 
Philadelphia  -  Richmond  •  San  Francisco 
St.  Louis  -  St.  Paul.  In  Canada;  Dominion 
Brake  Shoe  Co.,  Ltd.,  Montreal,  Quebec 
-  Niagara  Falls,  Ontario  •  Winnipeg, 
Manitoba  •  Vancouver,  B.  C. 

:}:  RACOR  RESEARCH: 

Chicago   -    Mahwah,  N.  J. 


with  America's  most  complete  track- 
work  engineering  service:  This  lies  in 
making  available  to  our  customers 
Racor's  engineering  experience — 
practical  experience  from  years  of 
designing  and  manufacturing  .  .  . 
advanced  experience  solving  tomor- 
row's trackwork  problems  today  in 
Racor  research  laboratories. 

Why  not  let  us  help  you  with  your 
trackwork  problems? 


RAILROAD  PRODUCTS  DIVISION 
-^2S^^  530  Fifth  Avenue,  New  York  36,  New  York 


I  AMitKAN 

Brake  Shoe 

SlSfANY 


stop  weeds  up  to  18  months 

with  just  one  application  of 

UROX®  Weed  Killer! 

Now  you  can  stop  weeds  on  your  tracks  for  as  long  as 
18  months  with  one  application  of  Urox— Allied  Chem- 
ical's powerful  new  weed  killer.  Urox  is  economical.  Its 
effects  are  cumulative,  so  small  "booster"  doses  keep  its 
killing  power  going  year  after  year.  For  really  complete 
weed  control,  get  Urox  now!  Available  in  both  liquid 
and  granular  forms  .  .  .  special  grades  for  special  prob- 
lems. Write  for  more  information. 


GENERAL  CHEMICAL  DIVISION 

P.O.  Box  353,  Morristown,  N.J. 


i 


m 


at 

your 

service 


for 

all    types   of   cranes 

diesel   wreckers 

pile   drivers 

buckets 


ORTON 


CRANE    &    SHOVEL    CO. 

608       S.       DEARBORN      ST. 
CHICAGO       5,       ILLINOIS 

JOHN  F.  McCULLOUGH 

lt«pr«s«ntativ«t   in    Principal    CifUt 


AREA  Publications — Price  List 

The  following  include  some  of  the  Association  pubhcations  available  from  the 
secretary's  oflBce  on  order.  Prices  shown  are  for  Members  only: 

Member 
Price 
Manual  of  Recommended  Practice,  complete  in  2  volumes,  including  binders 

(first   copy)     $18.00 

Extra  binders,  each  4.50 

Annual  Supplements    (first  copy)    1.00 

Separate  Chapters 

1— Roadway  and  Ballast   1.50 

3-Ties    25 

4-Rail    75 

5-Track     75 

6-Buildings     1-50 

7— Wood  Bridges  and  Trestles   1-00 

8-Masonry    1.00 

9-Highways    0.50 

11— Engineering  and  Valuation  Records   1.25 

13— Water,  Oil  and  Sanitation  Services 1.00 

14— Yards  and  Terminals    1.00 

15— Iron  and  Steel  Structures 1.25 

16— Economics  of  Railway  Location  and  Operation   0.75 

17— Wood  Preservation    50 

20-Contract  Forms    1.25 

22— Economics  of  Railway  Labor    0.50 

25— Waterways  and   Harbors    0.25 

27— Maintenance  of  Way  Work  Equipment 0.50 

28-Clearances     0.25 

29- Waterproofing     0.25 

Flexible-cover,  loose-leaf  binder  for  separate  chapters,  each   0.40 

Portfolio  of  Trackwork  Plans— 119  plans,  8  sheets  of  specifications,  5  sheets 

definitions  of  terms,  complete  with  leatherette  cover   $12.50 

Track  Scale  Pamphlet— 109  pages,  flexible  cover   1.00 

Federal  Valuation  of  Railroads— 87  pages,  flexible  cover 1.00 

Instructions  for  Mixing  and  Placing  Concrete-24  pages,  flexible  cover 0.40 

Notes  on  Railroad  Location  and  Construction  Procedures  from  the  School  of 

Experience— 43  pages,  flexible  cover 0.50 

Handbook  of  Instructions  for  the  Care  and  Operation  of  Maintenance  of  Way 

Equipment— 149  pages,  hard  cover 0.85 

Instructions  for  Care  and  Safe  Operation  of  Welding  and  Grinding  Equip- 
ment—23  pages,  flexible  cover 0.30 

Specifications    for    Steel    Railway    Bridges    (fixed    spans) -70    pages,    flexible 

cover    075 

Specifications  for  Movable  Railway  Bridges-73  pages,  punched  sheets 1.00 


LAYING  WELDED  RAIL 


MODEL  441 

Developed  and  Built 
for  Railroad  Maintenance 

180°  BOOM  SWING 

dOiS  ALL  JOBS 


CUTS     MAINTENANCE     COST 


12  FAS!  CHANGE  ATTACHMENTS 


•  Forks 

•  T/4  Cu.  Yd.  Bucket 

•  Tote   Hook 

•  18'  Boom   Extension 

•  Fork  Tie   Boler 

•  Track   Cleaning   Bucket 


•  Back  Hoe 

•  Clamshell 

•  Back  Filler  BlccJe 

•  Pull   Drag   Bucket 

•  4  Cu.  Yd.  Snow  Bucket 

•  Pile  Hammer 


Optional  Attachment 
Flanged  Wheels,  Hydraulically  Controlled 


9-  WIDE  TRACK  CLEANING  BUCKET" 


PETTIBONE  MULLIKEN  CORPORATK 

RAILROAD^^kj^niVISION 

141    W     JACKSON^===5l|^^*^^  CHICAGO   4.   III. 

80  Years  of  Service 
to  the  Railroad  Industry 


•1 
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USE  TIE  PLATE 
lOQK  SPIKES 


One-piece  Design 

LOCK  SPIKES  hold  tie  plates  firmly  in  place  on 
cross-ties  and  bridge  timbers. 

LOCK  SPIKES  are  quickly  and  easily  driven, 
or  removed,  with  standard  track  tools. 

Driven  to  refusal,  the  spread  shank  is  com- 
pressed by  the  walls  of  the  hole.  Tie  plates  are  held 
against  horizontal  and  vertical  movement  under 
spring  pressure.  Play  between  the  spike  and  the 
hole  is  eliminated — abrasion  and  seating  of  tie 
plates  is  overcome. 

LOCK  SPIKES  hold  their  position  in  the  tie, 
and  redriving  to  tighten  the  plate  is  not  required. 
They  provide  a  quiet  and  strengthened  track. 

Annual  cost  of  ties  and  maintenance  expense  is 
reduced  by  extending  the  life  of  ties  and  holding 
gage.  Here  is  one  answer  to  conservation  of  ma- 
terials and  labor.  Write  for  free  folder. 

BERNUTH,  LEMBCKE   CO.,  INC. 

420  Lexington  Avenue,  New  York  17,  N.  Y. 


m 
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Actual 
Size 


AUPCK 
ELECTROMATIG 


The  only  completely 
automatic  track  surfacing 
machine  on  the  market 


Proven  in  operation  by  North  America's 
leading  railroads.  Complete  and  auto- 
matic control  of  surface  and  cross  level 
through  tangent  and  curve  territory 
regardless  of  height  of  lift. 

•  Combination  of  Autojack  and  Electromatic 
equals  or  improves  production  of  Electro- 
matic alone. 

•  Precision  of  lift  and  uniformity  of  compaction 
controlled  automatically. 


•  All  variations  in  lift,  level  and  run-out  con- 
trolled from  operator's  panel. 

•  Beam  "sighting"  for  utmost  precision. 

•  Front  buggy  self-propelled  ahead  of  tamper. 


TA  M  P  E  R     I  N  C.    53  Court  St.,  Plattsburgh,  N.Y. 

SALES   AND   SERVICE:   2 147  University  Avenue 
St.  Paul  1  4,  Minnesota 
Phone:  645-5055 
IN   CANADA    160  St.  Joseph  Blvd., 

Lachine  (Montreal),  P.O. 
Phone:  637-5531 
Yoor  enquiries  for  detailed  information  or  brochures  on 


Hubbard  Super  Service  Alloy  Spring  Washers 

Hubbard  Super  Steel  Alloy  Spring  Washers 

Hubbard  Track  Tools 

Hubbard  Tool  Division 

UNIT  RAIL  ANCHOR  CORPORATION 

New  York  Pittsburgh  Chicago 


t 


Unit  Rail  Anchor 

UNIT  RAIL  ANCHOR  DIVISION 


UNIT  RAIL  ANCHOR  CORPORATION 

NEW  YORK  PITTSBURGH  CHICAGO 


Assure  lower  maintenance  costs, 
better  performance  with... 


M^M 
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TEXACO 

Petroleum  Products  and 

Systematic  Engineering 

Service 

TEXACO  INC. 

RAILWAY  SALES  DIVISION 

135  East  42nd  St.,  New  York  17,  N.  Y. 
NEW  YORK   .  CHICAGO  •  SAN  FRANCISCO  •  ST.  LOUIS  •  ST.  PAUL  •  ATLANTA 


This  is  one  way  to  M  weeds 


It's  the  hard  way.  So  forget  it.  The  easiest,  fastest,  most  effective  way 
is  with  these  borate  weed  l<iliers:  MONOBORCHLORATE^  GRANULAR 
•  MONOBOR-CHLORATE  Track  Sprays  •  BENZABOR®  •  UREABOR®  • 
UREABOR  5D  •  UREABOR  8D  •  UREABOR  62 

With  one  simple  application,  these  borate  weed  killers  will  destroy 
weeds  and  grasses  about  trestles,  tie  piles,  grade  crossings,  yards, 
signals,  switches,  (or  wherever  a  weed  problem  exists)  for  a  year  or 
more.  All  are  extremely  effective,  yet  safe  to  use.  Easy  and  economical 
to  apply.  And  nonselective.  Most  roads  already  favor  borate  weed 
killers  for  year  'round  weed  control.  How  about  you?  Call  or  write 
today:  Railroad  Sales,  Marketing  >^'nM>^y,y,^^y,%mlmfm 

Dept.,  U.S.  BORAX,  3456  Peterson 
Avenue,  Chicago  45,  Illinois.  (Phone: 
Independence  3-6262.  Code:  312) 


BORAX 


\J^  WOODINGS-VERONA  TOOL  WORKS 

^^r  Pioneer  ManuiacturerB 

of 
HIGtfl  GRADE  TRACK  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 

Sine*  1873 


VERONA.  PA. 


CHICAGO.  ILL. 


w 

WOODINGS  FORGE  &  TOOL  COMPANY 

Makers 

of 

WOODINGS  RAIL  ANCHORS 

VERONA.  PA. 

CHICAGO.  ILL. 

P.  O.  Box   10378 


Area   Code  305 
LOgan   6-7922 


GREENHEART,   INC. 

1431    N.  E.  26th  Street 
FORT  LAUDERDALE,  FLORIDA 

President — John   t.  McEwen — Quarfer  Century  Experience 

IMPORTERS: 

GREENHEART— 3300F  Piles,  Lumber, 
Timbers  Long  Length 

MORA  EXCELSA — Lumber  and  Timbers 

MANBARKLAK— Piles 

ANGELIQUE  (Basra  Locus) — Piles,  Lumber  and  Timbers 

and   other  Woods   from 

Burma,   Siam,  Australia,  Africa   and   South  America 
Dafa  furnished  on   request 


A. 
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n(jG  abrasive 
rail  cutter 


■  Cuts  right  or  left  rail   without  turning   machine. 

■  Cuts  rails  positioned  between  running  rails. 

■  Cuts  through  side  of  rail  for  cleaner,  faster  cuts. 

■  Cuts  do  not  burn  rails. 


NCG 


©  1963,  Chemetron  Corporation 


NATIONAL  CYLINDER  GAS 

RAILROAD    EQUIPMENT    DEPARTMENT 


840  North  Michigan  Avenue,  Chicago,  Illinois  60611 


THE  DOUBLE  U  RAIL  ANCHOR 

ACHUFF  RAILWAY  SUPPLY  CO. 
ST.  LOUIS,  MO. 


IFOWEM 


A  COMPLETE  LINE 
OF  SPRING  WASHERS 


ITHE  NATIONAL  LOCK  WASHER  CO. 

Newark  N.  J..  U.  S.  A. 


Why  not  let  us  help? 

Your  CRS  representative 

will  be  glad  to 

supply  the  details. 


Any  way  you  do  it  is  fine  with  us 

—a  jacknife,  a  wood  chisel, 

a  new  motor-driven  gadget. 

But  how  you  use  your  pencil  is  another  matter. 

When  it  comes  to  classification  yard  design, 

why  not  let  us  sharpen  OUR  pencils— our  engineers 

can  use  pencils  too— and  they  have  had 

lots  of  experience  in  the  best  way  to  design  a  yard 

—the  way  that  can  mean  real  savings  to  you. 


GENERAL  RAIL\A/AY    SIGNAL    COMPANY 


ROCHESTER  J,   NEW  YORK      •      NEW  YORK   17.    NEW   YORK 


ST.   LOUIS   I,   MISSOURI 


MONTREAL   ;.    CANADA 


Up  to  22  rail  anchors 
per  minute  with . . . 


NEW  1963  RACINE  Anchor-Fast 


A  he  increased  speed  and  efficiency  of  this  new,  1963 
Racine  Anchor-Fast  can  save  you  extra  thousands  of  dollars 
a  year  on  rail  anchoring  and  tightening  operations.  Major 
improvements  include: 

POSITIVE  TRACK  ALIGNMENT 

New  side  guide-brackets  keep  nipper  assembly  straight  and 
steady;  position  it  perfectly  on  rail  regardless  of  track 
elevation  on  curves. 

GREATER  BOXING  PRESSURE 

New  built-in  boxing  cylinder,  which  replaces  two  smaller 
external  cylinders,  delivers  3,000  lbs.  pressure — an  increase 


of  300  per  cent  —  for  tighter  anchoring  of  all  types  of 
anchors.  An  Anchor-Tight  head  attachment  is  available  for 
this  machine  to  reset  anchors  that  are  not  against  the  ties. 

lis  FEWER  PARTS 

Elimination  of  over  115  separate  parts  reduces  adjustments 
and  simplifies  maintenance. 

Write  today  for  further  information  on  the  new  1963 
Racine  Anchor-Fast.  Racine  Hydraulics  &  Machinery,  Inc., 
Dept.  M93.  Racine,  Wisconsin. 


MODERNIZING  KIT  AVAILABLE  If  you  now  own  Racine 
Anchor-Fast  nnachines,  write  for  details  on  fiow  you  can 
convert  them  to  new  1963  models  at  modest  cost. 


Unit  Tamper  Portable 

Rail  Drill 


Portable  Rail  Saw  Anchor  Applicator 


Production  and 
Spot  Tampers 


Here  are  the  up-to-date  facts  on  the  SPENO  Ballast 
Cleaning  and  the  SPENO  Rail  Grinding  Services. 


BALLAST  CLEANING 

SPENO  Engineering  and  Research  has  de- 
veloped a  superior  screening  arrangement  so 
that  we  are  now  using  an  improved  Ballast 
Cleaner  with  greater  efficiency. 

RAIL  GRINDING 

Our  Rail  Grinding  Service  has  been  so  well 
received  —  we  now  have  Three  Rail  Grind- 
ing Trains  to  take  care  of  the  demand. 


SPENO  is  constantly  developing  means  for 
better  service  to  make  sure  that  the  Railroads 
receive  everything  they  pay  for  —  and  more. 
Outside  North  American  continent: 

SPEMA  RAIL  SERVICES  S.A. 

Grand-Pont  2,  Lausanne,  Switzerland 

Canadian  Sales  Representatives: 

THE  HOLDEN  CO.  LIMITED 
614St.  James  St.,  West 
Montreal,  Canada 
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FRANK  SPENO  RAILROAD  BALLAST  CLEANING  CO.,  INC 


306  North  Coyuga  Si. 
Ithaca,  N.  Y. 
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THE  TRASCO  CAR  RETARDER 

HUNDREDS  IN  SERVICE 
IN  CLASS  YARD  TRACK 


TRACK  SPECIALTIES  COMPANY 


P.O.  BOX  729 


WESTPORT,  CONNECTICUT 
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8 — Masonry 355 

15 — Iron  and  Steel  Structures 381 
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The  reports  in  this  issue  of  the  Bulletin  will  be  presented  to  the  1964  Annual 
Meeting  of  the  Association  at  the  Pick-Congress  Hotel,  Chicago,  March  9-11. 
Comments  and  discussion  with  respect  to  any  of  the  reports  are  solicited,  and 
should  be  addressed  to  the  chairman  of  the  committee  involved,  in  writing  in 
advance  of  the  Meeting,  or  from  the  floor  during  the  Meeting. 


•  The  contents  of  this  Bulletin  and  the  other  Bulletins  of  the  Association  from  Bulletin 
580,  September-October  1963,  to  and  including  Bulletin  586.  June-July  1964  (except  Bulletin 
585.  March  1964),  will  constitute  the  Annual  Proceedings  of  the  Association,  Vol.  65. 
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(E)  Member  Emeritus. 

Those    whose    names   are    set    in    bold    fact-    type    consiitute    the    Engineering    I-ivision.    .A.\R,    Com- 
mittee 24. 

To  the  American  Railway  Engineering  Association 
Your  committee  reports  on  the  following  subjects: 

1.  Stimulate   greater   appreciation   on    the   part   of   railway   managements   of: 

(a)  the  importance  of  bringing  into  the  service  selected  graduates  of  col- 
leges and  universities,  and 

(b)  the  necessity  for  providing  adequate  means  for  recruiting  such  gradu- 
ates and  retaining  them  in  service. 

Progress  report,  submitted  as  information    page  347 

2.  Stimulate  among  college  and  university  students  a  greater  intere.-t  in  the 
science  of  transportation  and  its  imijortance  in  the  national  economic  struc- 
ture by 

(a)  cooperating  with  and  contributing  to  the  activities  of  student  organi- 
zations in  colleges  and  universities,  and 

(b)  presenting  to  students  and  their  counsellors  a  positive  approach  to  the 
attractive  and  interestinK  features  of  the  railr(  ad  induslr>  and  the  ad- 
vantages of  choosing  railroading  as  a  career. 

Progress  report,  submitterl  as  information    page  ,vt7 
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3.  The  cooperative  system  of  education,  including  summer  employment  in  rail- 
way service. 

Progress  report,  submitted  as  information    page  350  ' 

4.  Revise  the  recruiting  brochure  "A  Challenge  and  Opportunity  for  Engineer- 
ing Graduates — The  Railroad  Field." 

Final  report,  submitted  as  information   page  351 

5.  Ways  in  which  railroads  can  cooperate  with  universities  in  developing  re- 
search, including  the  revising  of  "Suggested  Topics  for  Theses  on  Railroad 
Subjects." 

Progress  report,  submitted  as  information    page  SS2 

6.  Procedures  for  orienting  and  developing  newly  employed  engineering  per- 
sonnel. 

The  ultimate  objective  is  to  suggest  training  procedures  consistent  with 
modern  requirements  of  railways  and  current  trends  in  engineering  education. 
Considerable  study  is  required  on  this  subject  before  conclusions  can  be 
reached,  and  this  study  is  in  progress. 

7.  Stimulate  an  interest  by  college  and  university  staff  members  in  current  rail> 
road  problems  and  practices,  including  AREA  membership. 

Progress  report,  submitted  as  information    page  354 

8.  Current  changes  in  engineering  education  and  their  implications  regarding 
employment  of  future  graduates  by  the  railroad  industry. 

The  ultimate  objective  is  to  make  railway  management  aware  of  the  changes 
occurring  in  engineering  education  which  will  affect  the  industry's  ability  to 
attract  engineering  graduates  into  its  employ.  Collection  of  data  and  opinion 
is  continuing. 

The  Committee  on  Cooperative  Relations  with  Universities, 

J.  F.  Davison,  Chairman. 

AREA   Bulletin    583,   January    1964. 
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Report  on  Assignment  1 

Stimulate   Greater   Appreciation   on    the    Part 
of   Railway  Management   of 

(a)  the  importance  of  bringing  into  the  service  selected  graduates 
of  colleges  and  universities,  and 

(b)  the  necessity  of  providing  adequate  means  for  recruiting  such 
graduates  and  of  retaining  them  in  the  service 

J.  F.  Davison  (chairman,  subcommittee),  R.  H.  Beeder,  T.  P.  Cunningham,  R.  J. 
Fisher,  L.  J.  Hoffman,  R.  P.  Howell,  S.  R.  Hursh,  Claude  Johnston,  Frank  Kerekes, 
E.  C.  Lawson,  G.  W.  Miller,  H.  R.  Moore,  R.  B.  Rice,  R.  W.  Ripley. 

The  current  activity  of  your  committee  under  this  assignment  is  directed  towards 
the  establishment  of  the  type  and  interests  of  graduates  most  likely  to  be  attracted  to 
and  remain  in  railway  employment.  To  this  end  a  questionnaire  was  developed  and 
circulated  to  engineering  staff  members  through  their  respective  chief  engineers. 

Over  2000  questionnaires  have  been  returned,  and  in  most  cases  they  had  been  com- 
pleted in  a  manner  permitting  their  use.  Coding  the  information  so  that  it  can  be  trans- 
ferred to  punch  cards  is  in  progress  and  has  been  completed  for  some  1550  question- 
naires. As  soon  as  the  balance  has  been  coded,  the  cards  will  be  punched  and  the  analysis 
undertaken. 

This  progress  report  is  presented  as  information. 


Report  on  Assignment  2 

Stimulate    Among    College    and    University    Students 

a  Greater  Interest  in  the  Science  of  Transportation 

and  Its  Importance  in  the  National  Economic 

Structure  by: 

(a)  cooperating  with  and  contributing  to  the  activities  of  student 
organizations   in  colleges  and  universities,  and 

(b)  presenting  to  students  and  their  counselors  a  positive  approach 
to  the  attractive  and  interesting  feature  of  the  railroad  indus- 
try and  the  advantages  of  choosing  railroading  as  a  career 

B.  B.  Lewis  (chairman,  subcommittee),  T.  M.  Adams,  J.  L.  Alvord.  B.  G.  Anderson, 
H.  C.  Archdeacon,  R.  H.  Beeder,  J.  B.  Clark,  J.  F.  Davison,  R.  P.  Howell,  S.  R. 
Hursh,  G.  W.  Miller,  H.  R.  Moore,  M.  M.  Ray,  Jr.,  J.  A.  Rust,  Egons  Tons. 

To  facilitate  obtaining  good  speakers  for  student  organizations  in  universities,  N.  D. 
Howard,  our  executive  secretary,  developed  the  following  procedure,  which  has  been 
followed  with  good  results:  (1)  contacting  and  obtaining  speakers  from  various  rail- 
ways, (2)  advising  these  prospective  speakers  of  the  type  of  talks  the  committee  has  in 
mind,  and  (3)  advising  the  deans  of  50  selected  schools  as  to  the  availability  of  speakers. 

The  activities  under  this  assignment  are  indicated  by  the  following  ab.stracts  from 
letters  received  during  the  year. 
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T.  F.  BuRRis,  general  manager  of  construction  and  maintenance  of  way,  Chesapeake 
&  Ohio  Railway — Baltimore  &  Ohio  Railroad,  gave  two  talks  at  the  University  of  Ken- 
tucky— one  to  about  100  junior  and  senior  engineering  students  and  the  other  to  75 
engineering  freshman.  Mr.  Burris  informed  the  students  of  the  kind  of  work  involved  on 
the  American  railroads,  the  progressiveness  of  the  railroads  and  their  striving  for  new 
developments  in  engineering. 

J.  A.  Caywood,  chief  engineer,  Baltimore  &  Ohio  Railroad,  addressed  the  Student 
Chapter  of  the  American  Society  of  Civil  Engineers  at  the  University  of  Maryland. 
According  to  Mr.  Caywood,  "The  program  seemed  to  be  extremely  well  accepted,  the 
students  displaying  great  interest  in  our  work  and  our  work  methods.  Many  questions 
were  asked  by  the  students  relating  to  the  railway  engineering  field." 

T.  B.  HuTCHESON,  chief  engineer.  Seaboard  Air  Line  Railroad,  spoke  to  the  Student 
Chapter  of  ASCE  at  Duke  University.  The  talk  was  on  "Challenges  Available  in  the 
Railroad  Industry  for  Civil  Engineers."  In  addition  to  the  talk  there  was  a  showing  of 
the  AAR  film,  "Science  Rides  the  High  Iron",  which  was  well  received  by  the  group. 

R.  H.  Beeder,  chief  engineer  system,  Atchison,  Topeka  &  Santa  Fe  Railway,  spoke 
to  the  Student  Chapters  of  ASCE  at  the  University  of  New  Mexico  and  the  University 
of  Michigan.  This  presentation  consisted  of  a  short  talk  of  about  20  min  on  "Railway 
Engineering  Progress"  and  a  16-mm  color  film  showing  some  of  the  construction  prob- 
lems encountered  on  the  Santa  Fe's  Abra — Skull  Valley  line  change  in  central  Arizona. 

C.  J.  Henry,  chief  engineer,  Pennsylvania  Railroad,  spoke  at  the  Catholic  Univer- 
sity of  America,  Washington,  D.  C,  in  connection  with  its  engineer  orientation  program. 
He  reports  that  the  students  were  a  very  nice  group,  trying  to  make  up  their  minds 
about  which  course  they  should  take. 

A.  S.  McCann,  superintendent.  Southern  Pacific  Company,  spoke  to  the  Student 
Chapter  of  ASCE  at  the  University  of  Arizona.  Mr.  McCann  reports  that  the  talk  was 
well  received.  The  students  asked  questions  of  the  speaker  for  a  full  hour  after  the  pro- 
gram was  concluded. 

B.  J.  Johnson,  regional  engineer,  Baltimore  &  Ohio  Railroad,  spoke  before  the  Stu- 
dent Chapter  of  ASCE  at  Purdue  University.  His  talk  was  on  "Present  and  Future 
Railroad  Maintenance."  In  conjunction  with  his  talk,  the  Baltimore  &  Ohio  Railroad 
motion  picture  on  this  subject  was  shown.  Mr.  Johnson  said,  "It  was  an  interesting 
meeting  and  well  received  by  the  students." 

A.  L.  EssMAN,  chief  signal  engineer,  Burlington  Lines,  spoke  to  the  Student  Chapter 
of  ASCE  at  Iowa  State  University,  on  centralized  traffic  control  and  automatic  classifi- 
cation yards.  He  advises  that  the  group  was  very  interested  in  the  subject  matter.  After 
the  talk  an  additional  25  min  was  consumed  in  answering  questions. 

J.  A.  Erskine,  assistant  bridge  and  building  engineer.  Gulf,  Mobile  &  Ohio  Rail- 
road, spoke  to  the  Student  Chapter  of  ASCE  in  Starkville,  Miss.  His  presentation  con- 
sisted of  a  brief  review  of  the  history  of  railway  engineering  and  its  present  status,  fol- 
lowed by  the  showing  of  approximately  100  slides  covering  the  general  railway  subjects, 
and  a  motion  picture.  He  felt  that  the  program  was  well  received. 

J.  B.  Clark,  chief  engineer,  Louisville  &  Nashville  Railroad,  presented  a  talk  to  the 
Student  Chapter  of  ASCE  at  the  University  of  Tennessee  entitled  "Behind  the  Head- 
lines." Mr.  Clark  stated,  "The  students  showed  an  unusual  interest  in  the  discussion; 
several  of  them  said  that  they  had  not  realized  the  variety  of  work  handled  by  engineers 
on  the  railroads.  I  believe  it  was  more  than  by  coincidence  that  on  the  recruiting  trip 
shortly  after  the  talk  that  we  had  more  students  on  hand  for  interview  than  we  had 
ever  had  prior  to  that  time." 
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W.  H.  Huffman,  assistant  chief  engineer,  Chicago  &  North  Western  Railway,  spoke 
before  the  Student  Chapter  of  ASCE  at  the  University  of  Wisconsin.  He  talked  about 
his  own  experiences  with  the  C&NW  and  why  he  had  always  liked  railroad  engineerinK. 
The  main  feature  was  a  showing  of  the  Santa  Fe  reconstruction  film,  which  was  re- 
ceived very  favorably.  Mr.  Huffman  stated  in  his  letter,  "The  question  and  answer  pe- 
riod following  my  discussion  was  quite  invigorating,  and  I  believe  the  railroad  story  was 
impressed  upon  the  students." 

L.  A.  Durham,  Jr.,  engineer  bridges  and  buildings,  Norfolk  &  Western  Railway, 
spoke  to  the  Student  Chapter  of  ASCE  at  Virginia  Polytechnic  Institute.  His  subject  was 
"Construction  of  the  World's  Largest  and  Fastest  Bulk  Loading  Facility."  The  students 
expressed  interest  in  this  engineering  project  and  asked  questions  at  the  end  of  the  talk. 

C.  L.  Heimbach,  associate  professor  of  civil  engineering.  University  of  Michigan, 
was  a  speaker  at  the  National  Convention  of  ASCE  in  Detroit,  at  the  Student  Chapter 
Section.  He  gave  a  prepared  address  on  transportation  and  the  organization  of  land  use. 

R.  E.  Tew,  assistant  to  chief  engineer,  Seaboard  Air  Line  Railroad,  spoke  to  the 
student  chapter  of  ASCE  at  North  Carolina  State  College.  He  gave  a  short  talk  on 
"Challenges  Available  in  the  Railroad  Industry  for  Civil  Engineers."  In  addition  to  the 
talk  there  was  a  showing  of  the  AAR  film  "Science  Rides  the  High  Iron."  According  to 
Mr.  Tew,  "The  students  were  quite  interested  in  all  phases  and  asked  many  questions, 
particularly  with  respect  to  opportunities  in  departments  other  than  in  engineering.  It 
was  apparent  that  the  young  engineers  of  today  are  very  interested  in  advancement  in 
fields  other  than  engineering,  while  at  the  same  time  utilizing  their  engineering  training." 

Dr.  L.  K.  Sillcox,  honorary  vice  chairman.  New  York  Airbrake  Company,  spoke 
to  the  senior-class  men  at  the  University  of  Illinois  on  the  subject,  "Commuter — Common 
Carrier  Crisis."  There  were  about  60  persons  in  his  audience. 

Downing  B.  Jenks,  president,  Missouri  Pacific  Railroad,  gave  an  address  to  the 
senior-class  men  at  the  University  of  Illinois  on  the  subject,  "The  Engineer  and  Railroad 
Progress."  He  illustrated  his  address  with  a  film  showing  the  step-by-step  construction 
of   the   Missouri   Pacific's   Neff   Yard  in   Kansas   City. 

John  W.  Barriger,  president,  Pittsburgh  &  Lake  Erie,  spoke  to  the  same  group 
of  civil  engineering  students  on  the  subject,  "Opportunities  for  Engineers  in  Railroad 
Mergers." 

W.  W.  Hay,  professor  of  railway  civil  engineering,  University  of  Illinois,  spoke  on 
the  subject,  "Research  in  the  Railroad  Industry"  before  a  group  of  graduate  students  at 
the  Massachusetts  Institute  of  Technology. 


The  Illinois  Central  Railroad  extended  its  cooperation  in  providing  exhibits  for  the 
Engineering  Open  House  at  the  University  of  Illinois  on  May  10-11,  1963.  A  film  and 
the  projector  used  were  from  the  Union  Switch  &  Signal  Division  of  Westinghouse  Air 
Brake  Company. 

The  seniors  at  Purdue  made  an  inspection  trip  of  Markham  Yard. 

During  the  year  ended  September  30,  1963,  there  were  46  Student  Affiliates  of  AREA 
on  23  different  college  campuses,  and  it  is  expected  that  at  least  that  many  students  will 
be  enrolled  for  the  year  September  30,  1Q63 — October  1,  1964. 

To  fulfill  a  request  from  the  Michigan  College  of  Mining  and  Technology,  a  photo- 
graphic railroad  exhibit  was  prepared  in  the  office  of  the  executive  secretary.  This  ex- 
hibit was  displayed  at  the  Biennial  Engineering  Show  of  that  college.  Comments  on  the 
pictorial  exhibit  were  presented  in  the  July-August  issue  of  the  AREA  News,  page  8. 
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During  the  coming  year  your  committee  expects  lo  offer  this  exhibit  for  presentation 
at  similar  shows  or  exhibits  on  college  campuses,  and  is  c(;nsidering  practical  means  of 
supplementing  it  with  features  to  make  it  still  more  attractive  and  effective. 

Your  committee  wishes  to  express  its  appreciation  to  the  aforementioned  railroads 
and  speakers  for  their  cooperation  in  the  committee's  efforts  and  solicits  their  continued 
cooperation  in  the  year  ahead. 


Report  on  Assignment  3 

The    Cooperative    System   of   Education,   Including 
Summer   Employment   in   Railway   Service 

W.  A.  Oliver,  (chairman  subcommittee),  J.  L.  Alvord,  George  Bavlor,  R.  H.  Beeder, 
J.  B.  Clark,  R.  P.  Davis,  J.  F.  Davi.son,  A.  V.  Johnston,  E.  C.  La'wson,  R.  E.  Loomis, 
R.  W.  Middleton,  R.  C.  Nissan,  M.  M.  Ray,  Jr.,  W.  D.  Taylor. 

In  fulfilling  its  assignment  in  1963  the  subcommittee  followed  essentially  the  same 
procedures  used  in  the  preceding  years.  A  questionnaire  was  sent  to  the  chief  engineering 
and  maintenance  officers  of  the  railroads  in  late  February  requesting  information  con- 
cerning their  summer  employment  needs.  The  replies  to  the  questionnaire  were  returned 
to  the  subcommittee  chairman,  the  information  was  tabulated,  reproduced  in  the  secre- 
tary's office,  and  sent  to  some  125  engineering  colleges  on  March  28. 

As  a  result  of  this  annual  cooperative  venture  many  embryo  engineers  have  obtained 
their  first  introduction  to  railroad  work,  and  some  have  now  become  permanent  em- 
ployees. Furthermore,  the  project  has  shown  these  young  men  that  there  are  excellent 
opportunities  for  an  engineering  career  in  the  railway  field,  thus  increasing  the  interest 
of  the  engineering  colleges  in  encouraging  this  type  of  employment  among  their  students. 
Summer  employment  also  gives  the  railroads  an  opportunity  to  observe  the  boys  and 
determine  whether  or  not  they  want  to  offer  them  employment  after  they  graduate.  It 
should  be  added  that  any  activity  of  this  kind  is  in  the  direction  of  good  public  relations. 

An  examination  of  the  following  tabulation  will  show  that  the  returns  from  the 
questionnaire  were  better  in  1963  than  they  were  in  1962.  Seventeen  railroads  offered 
summer  employment  through  this  program  in  1963  as  compared  with  10  in  1962.  The 
total  returns  were  larger  also — SS  in  1963,  SO  in  1962.  All  of  this  indicates  a  continuing 
interest  in  the  project  on  the  part  of  the  railroads. 

1963  Program 

Offering  employment  in  '62  and  '63    11 

Offering  employment  in  '63  but  not  in  '62    6 

Offering  employment  in  '62  but  not  in  '63    11 

Offering  employment  in  other  programs     5 

Returning  questionnaire  but  offering  no  employment  in  '62  or  '63  21 

Total  number  returning  questionnaire    55 

1962  Program 

Offering  employment  in  '61  and  '62 6 

Offering  employment  in  '62  but  not  in  '61 4 

Offering  employment  in  '61  but  not  in  '62    9 

Returning  questionnaire  but  offering  no  employment  in  '61   or  '62    31 

Total  number  returning  questionnaire    .  ,  .  ,  , 50 
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It  should  be  stated  again  thai  the  number  of  college  students  given  summer  employ- 
ment by  the  railroads  as  a  result  of  this  Committee  24  project  constitutes  only  a  small 
part  of  the  total  number  employed.  Many  railroads  have  for  a  long  period  of  time  re- 
cruited summer  employees  either  directly  from  the  campuses  along  their  properties  or 
through  cooperative  programs  with  technical  colleges. 

Committee  24  wishes  to  take  this  opportunity  to  again  thank  the  railroads  for  the 
interest  they  have  shown  by  helping  to  carry  on  this  project  during  the  past  several 
years.  It  plans  to  continue  the  program  in  1964  and  requests  their  continued  cooperation. 


Report  on  Assignment  4 

Revise   the   Recruiting   Brochure   "A   Challenge   and 

Opportunity   for  Engineering  Graduates 

—The  Railroad  Field" 

Jerrv  Neben  (chairman,  subcommittee),  J.  B.  Babcock,  George  Bavlor,  R.  H.  Beeder, 
'].  F.  Davison,  Claude  Johnston,  H.  E.  Kirby,  B.  B.  Lewis,  J.  E.  Perry,  R.  B.  Rice, 
H.  O.  Sharp,  E.  R.  Shultz,  T.  D.  Wofford,  Jr. 

In  1955  this  committee  undertook  the  development  of  an  engineering  recruiting 
brochure  for  distribution  to  the  colleges,  to  present  to  undergraduate  students  the  many 
and  varied  opportunities  afforded  in  railroading  as  a  career.  As  a  result,  the  first  edition 
was  printed  in  1955,  entitled,  "A  Challenge  and  Opportunity  for  Ycung  Engineers — The 
Railroad  Field."  A  total  of  25,000  copies  of  this  edition  was  produced — 17,000  for  distri- 
bution by  the  AREA  in  yearly  installments  to  some  125  colleges  and  for  sale  to  the  rail- 
roads for  use  in  connection  with  their  individual  recruiting  efforts,  and  8,000  copies  for 
distribution  by  the  School  and  College  Service  of  the  Public  Relations  Department  of  the 
Association  of  American  Railroads. 

In  1959  an  extensively  revised,  more  definitive  and  informative  second  edition  was 
published  under  the  title,  "A  Challenge  and  Opportunity  for  Engineering  Graduates — the 
Railroad  Field."  Twenty-eight-thousand  copies  of  this  edition  were  printed.  Of  these, 
18,000  copies  were  distributed  by  the  AREA — the  last  distribution  having  been  made 
in  October  1963 — and  10,000  copies  have  been  distributed  by  the  School  and  College 
Service,  AAR. 

During  the  past  two  years,  in  anticipation  of  the  complete  dissipation  of  the  supply 
of  brochures,  and  in  the  light  of  the  intensified  competition  for  engineering  graduates  in 
industry  generally,  your  committee  has  reviewed  the  text  and  illustrations  in  the  second 
edition  and  has  recommended  a  number  of  revisions  in  both,  to  bring  the  brochure 
further  in  line  with  the  advancing  technology  in  the  railroad  field.  Authority  to  produce 
the  third  edition  of  the  brochure  has  been  given  by  the  Board  of  Direction,  and  it  is  ex- 
pected that  the  new  edition  will  be  published  during  the  summer  of  1964  in  sufficient 
quantity  to  permit  distribution  to  engineering  colleges  of  the  United  States  and  Canada, 
in  the  quantities  requested,  for  the  next  3  or  4  years,  and  for  sale  to  the  railroads  for  use 
in  their  individual  recruiting  efforts.  As  in  the  case  of  the  first  two  editions,  it  is  hoped 
that  the  .A.AR  will  want  copies  of  the  new  edition  for  distribution  through  its  School 
and  College  Service,  and  that  it  will  share  in  the  publication  costs  in  proportion  to  the 
number  of  copies  desired. 

This  report  is  presented  as  information,  with  the  recommendation  that  the  subject 
be  discontinued  until  such  time  as  a  further  edition  of  the  brochure  may  be  contemplated. 
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Report  on  Assignment  5 

Ways  in  Which  Railroads  Can  Cooperate  with  Univer- 
sities in  Developing  Research,  Including  the  Revision 
of  "Suggested  Topics  for  Study  and  Research  on 
Railroad  Subjects" 

H.  E.  Hurst  (chairman,  subcommittee),  W.  S.  Autrey,  R.  H.  Beeder,  J.  F.  Davison, 
W.  S.  Gates,  Jr.,  A.  V.  Johnston,  W.  S.  Kerr,  R.  W.  Middleton,  V.  J.  Roggeveen, 
H.  O.  Sharp,  R.  J.  Stone,  P.  S.  Settle,  Jr. 

Your  committee  submits  the  following  report  of  progress  as  information: 

STUDENT  GRANTS 

Upon  the  recommendation  of  Committee  24,  the  1963  Engineering  Division  research 
budget  of  the  Association  of  American  Railroads  included  an  appropriation  of  $1000  to 
establish  a  fund  from  which  small  research  grants  could  be  made  available  to  students 
of  universities  and  colleges  to  assist  them  with  the  development  and  writing  of  research 
reports  or  theses  on  railroad  engineering  subjects. 

To  facilitate  usage  of  the  fund  at  the  earhest  moment,  your  committee  requested 
the  Association's  executive  secretary  to  complete  details  and  necessary  implementation  to 
make  the  funds  available  to  quahfying  students. 

The  work  was  of  considerable  magnitude,  entailing  many  conferences  and  rewriting 
of  drafts.  Your  committee  acknowledges  this  work  with  deep  appreciation  to  all 
concerned. 

Upon  completion  of  final  arrangements,  the  Association's  executive  secretary  sent  a 
letter  dated  May  17,  1963,  to  faculty  members  at  those  colleges  and  universities  where 
contacts  had  been  established  in  connection  with  Student  Affiliates  in  the  AREA. 

The  letter  advising  of  the  fund  was  accompanied  by  copies  of  an  application  form 
for  the  student  grant  and  "Statement  of  the  Student  Grant  Program",  together  with  a 
copy  of  the  Student  Affiliate  folder  and  the  "List  of  Suggested  Topics  for  Study  and  Re- 
search on  Railroad  Subjects",  which  had  been  developed  by  Committee  24. 

Your  committee  is  pleased  to  report  that  several  applications  for  grants  have  been 
received  and  acted  upon.  It  is  anticipated  that,  as  knowledge  of  the  fund  is  expanded,  a 
substantial  increase  in  the  number  of  applications  will  be  experienced. 

Favorable  consideration  has  been  given  for  a  similar  fund  of  $1000  for  inclusion  in 
the  1964  budget,  which  will  continue  and  expand  the  program. 

Application  forms  may  be  obtained  from  the  director  of  engineering  research,  Asso- 
ciatilon  of  American  Railroads. 

The  Statement  of  the  Student  Grant  Program  is  printed  on  the  reverse  side  of  each 
application  form  and,  in  order  that  all  concerned  may  know  the  final  nature  of  the 
application  form  and  the  statement  as  now  constituted,  the  application  and  statement 
are  presented  herein  as  a  part  of  this  report. 

It  is  recommended  that  this  assignment  be  continued. 
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Student  Application  for  Grant  From  the  Association  of  American 

Railroads  to  Assist  Him  with  the  Development  and 

Writing  of  a  Research  Report  or  Thesis  on 

A  Railroad  Engineering  Subject 

To:  Mr.  G.  M.  Magee,  Date 

Director  of  Engineering  Research 

Association  of  American  Railroads 

AAR   Research   Center,  3140  South  Federal  St.,  Chicago   16,  111. 

Name  of  Student: 

Mailing  Address:   


College  or  University,  and  location: 

Course  engaged  in:  

Proposed  subject: 


Nature  of  investigation  and  treatment: 
(Attach  supplemental  sheet  if  necessary.) 


Expected  data  of  completion  and  filing  of  report: 
Amount  of  grant  requested   (not  to  exceed  $100) : 

Name  of  faculty  advisor: 

Title: . 


Subject  to  the  provisions  of  the  Statement  of  the  Student  Grant  Program,  which 
appears  on  the  reverse  side  of  this  application,  I  hereby  make  application  for  the  grant. 

Signed . 

Approved: 

Signature   of   faculty  advisor:   

Statement  of  the  Student  Grant  Program 

In  order  to  promote  the  interest  of  engineering  students  in  colleges  and  universities 
in  the  field  of  railroad  engineering,  it  is  the  desire  of  the  Association  of  American  Rail- 
roads to  make  outright  grants  to  qualified  students  to  aid  them  in  the  development  and 
writing  of  research  reports  or  theses  on  railroad  engineering  subjects  of  their  choice.  Since 
it  is  expected  that  the  preparation  of  such  reports  or  theses  will  be  under  the  supervision 
of  a  faculty  member,  the  grants  will  be  made  directly  to  the  students  under  the  following 
conditions: 

Use  of  the  grant  will  be  limited  to  expenses  directly  related  to  the  project,  such  as 
for  materials,  photographs,  transportation  and  out-of-town  hotel  and  meals  expense, 
etc. — exclusive  of  the  cost  of  typing  report. 

Copy  or  abstract  of  the  completed  report  will  be  submitted  to  Mr.  G.  M.  Magee, 
Director  of  Engineering  Research,  Association  of  American  Railroads,  AAR  Research 
Center,  3140  South  Federal  St.,  Chicago  16,  111. 

Upon  completion  of  the  project,  student  to  submit,  through  the  faculty  member 
supervising  the  work,  to  Mr.  G.  M.  Magee,  an  accounting  for  the  expenditure  of  the 
grant. 

Control  over  the  execution  of  the  project  and  the  preparation  of  report  will  remain 
at  all  times  in  the  hands  of  the  faculty  member  supervising  the  work,  and  the  Associa- 
tion of  American  Railroads  will  not  be  legally  liable  in  any  manner  for  the  conduct  of 
the  project. 

At  their  discretion,  the  Association  of  American  Railroads,  or  its  affiliate,  the  Ameri- 
can Railway  Engineering  Association,  will  be  permitted  to  publish  the  submitted  reports 
or  theses,  or  abstracts  thereof,  without  any  liability  for  the  disclosures  contained  therein. 
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Report  on   Assignment   7 

Stimulate  an  Interest  by  College  and  University  Staff 

Members   in    Current    Railroad    Problems   and 

Practices,  including  AREA  Membership 

C.  L.  Heimbach  (chairman,  subcommittee),  B.  G.  Anderson,  W.  S.  Autrev,  J.  B.  Bab- 
cock,  R.  H.  Beeder,  R.  P.  Davis,  J.  F.  Davison,  W.  S.  Gates,  Jr.,  C.  'E.  R.  Haight, 
R.  C.  Nissen,  J.  F.  Pearce,  J.  E.  Perry,  R.  W.  Ripley,  J.  A.  Rust,  R.  J.  Stone. 

After  reviewing  a  number  of  alternatives,  some  of  which  have  already  been  reported 
on,  the  committee  decided  that  the  most  practical  way  of  reaching  engineering  faculty 
members  and  stimulating  their  interest  in  railway  engineering  problems  is  through  a 
summer  employment  program  for  faculty  members.  It  is  realized  that  not  all  railroads 
would  show  interest  in  such  a  program,  but  it  is  considered  that  there  are  advantages 
to  be  gained  by  both  railroad  employer  and  engineering  educator.  Some  of  these  advan- 
tages are: 

For  the  railroad: 

1.  Obtaining    short-term    technical    assistance    of   a    high    order    without    incurring 
staff  problems  involved  in  normal  employment  procedures. 

2.  Obtaining  special  skills  that  can  be  recruited  to  bear  on  special  problems. 

3.  Establishing  a  continuing  association  with  the  engineering  faculty  at  on-line  uni- 
versities which  will  aid  in  recruitment  efforts. 

4.  By  becoming  aware  of  railway  industry's  technical  problems,  faculty  members 
will  transmit  their  interest  to  their  students. 

For  the  faculty  member: 

1.  Providing  short-term  employment  compatible  with  academic  schedule. 

2.  Enabling  contact  to  be  made  with  practical  problems  in  his  chosen  specialty. 

3.  Becoming   familiar   with   the    opportunities   available   in    the   railroad   industry 
which  can  be  of  use  in  counselling  students. 

Other  mutual  benefits  will  no  doubt  be  disclosed  during  the  next  phase  of  this  in- 
vestigation, which  will  cover  typical  railroad  problems  which  faculty  members  could  be 
assigned  to  study  during  the  normal  summer  employment  period. 

This  is  a  progress  report,  submitted  as  information. 
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Com  mil  tee 

the    lOiigiiu'criiiK    Ilivisiiin.    .A.AR,    Com- 


To  the  American  Raiway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress  report,  including  recommended  revisions   page  356 

2.  Design   of   masonry   structures,   collaborating  with   Committees   1,   .5,   6,   7, 
15,  28  and  30. 

Progress   report,   presented   as   information    page  356 

3.  Foundations  and   earth   pressures,   collaborating   with   Commitlees   1,   6,   7, 
15  and  30. 

Progress   report,   including   bibliography    concerning   effect   of   scour,    wind 
pressures  and  ice  pressures  on  bridge  foundations   page  357 

4.  Deterioration  and  repair  of  masonry  structures. 

Progress  report,  including  recommended  revisions  to  Manual  material  cov- 
ering  specifications   for   shotcrete    page  362 
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6.  Prestressed    concrete    for    railway    structures,    collaborating    with    Commit- 
tee 6. 

Progress  report,  including  specifications  for  design  and  construction  of  pre- 
stressed concrete  trestles  submitted  as  information,  and  AAR  laboratory 
reports  on  its  investigation  of  prestressed  concrete  box  beams  and  epoxy 
resin    shear    keys    page  iM 

7     Quality   of   concrete   and   mortars,   collaborating  with   Committee   6. 

Progress  report,   including   revision   of  ASTM   specification   references    ....   page  .576 

8.  Waterproofing  for  railway   structures,  collaborating  with   Committees  6,   7 
and  IS. 

Progress  report,  including  recommended  revisions  of  Manual  material  cover- 
ing specifications   for  membrane   waterproofing    page  .577 

10.  Methods  of  construction  with  precast  concrete  structural  members. 

Progress  report,  submitted  as  information    page  378 

The    Committee   on   Masonry, 

D.  H.  DowE,  Chairman. 


\RE\   Bulletn    583,   January    1964. 


Report  on  Assignment  1 

Revision  of  Manual 

W.   R.   Wilson    (chairman,  subcommittee),  R.  J.   Brueske,  G.  W.   Cooke,  J.  W.   Dolson, 
W.  P.  Hendrix,  F.  A.  Kempe,  Jr.,  J.  M.  Williams,  J.  R.  Williams. 

Your   committee   recommends   the  adoption   of  the   revisions   to   the  Manual  as  set 
forth  in  the  reports  on  Assignments  4,  7  and  8. 


Report  on  Assignment  2 

Design  of  Masonry  Structures 

Collaborating  with   Committees    1,   5,   6,   7,    15,  28  and  30 

F.  A.  Kempe,  Jr.,  (chairman,  subcommittee),  J.  W.  Briscoe,  H.  C.  Brown,  A.  W.  Carlson, 
E.  J.  Daily,  J.  U.  Estes,  N.  O.  Geuder,  Sr.,  A.  N.  Laird,  R.  E.  Pearson,  F.  A. 
Russ,  Jr.,  E.  Scroggie,  B.  J.  Shadrake,  A.  Tedesko,  G.  A.  Wolf. 

Your  committee  has  studied  its  present  specifications  based  on  currently  available 
information  pertaining  to  shearing  strength  of  concrete  slabs  and  beams,  but  is  not  pre- 
pared to  recommend  any  revisions  at  the  present  time. 

Rating  specifications  for  concrete  structures  have  been  prepared  and  will  be  pre- 
sented for  consideration  next  year. 
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Report  on  Assignment  3 

Foundations  and  Earth  Pressures 

Collaborating  with  Committees   1,  6,  7,   15  and  30 

G.  W.  Cooke  (chairman,  subcunimittcc),  J.  W.  DeValle,  B.  M.  Dornblatt,  J.  A.  Erskinc, 
T.  R.  Kealey,  E.  F.  Manley,  R.  E.  Peck,  M.  Pikarsky,  W.  H.  Robertson,  G.  R. 
Shay,  S.  A.  Stutes,  X.  Van  Eenam. 

Your  committee  is  at  present  preparing  a  specification  for  the  embedment  of  trans- 
mission poles.  It  also  has  prepared  and  submits  as  information  the  following  bibliography 
concerning  the  effect  of  scour,  wind  pressures  and  ice  pressures  on  bridge  foundations: 

Bibliography  on  Effect  or  Scour,  Wind  Pressures  and  Ice  Pressures 
ON  Bridge  Foundations 

Scour 

1.  ''Shore    Protection    Planning    and    Design" — Technical    Report    No.    4,    1961,    Beach 

Erosion  Board,  Office  of  the  Chief  of  Engineers,  Department  of  the  Army,  p.  144. 

2.  "Foundations  of  Structures"  by  Clarence  VV.  Dunham,  p.  549. 

3.  "Scour  Around  Bridge  Piers  and  Abutments"  by  E.  M.  Laursen  and  A.  Toch,  Iowa 

Highway  Research  Board,  Bulletin  Xo.  4,  May  1956. 

4.  "Scour  at  Bridge  Piers" — Civil  Engineering,  May,  1963. 

1.  "Cause  and  Effect"  by  Ing.  Luigi  Stabilini,  p.  46. 

2.  "Protection  of  Threatened  Piers"  by  C.  J.  Posey,  p.  48. 

5.  "Progress  Report  of  Model  Studies  of  Scour  Around  Bridge  Piers  and  Abutments"' 

by  E.  M.   Laursen — Highway   Research  Board,  Report  N.   13B. 

6.  "Model  Studies  of  Scour  Around  Bridge  Piers  and  Abutments"  by  E.  M.  Laursen 

and  A.  Toch.  Second  Report  1961,  Proceedings  of  Annual  Meeting  Highway  Re- 
search Board  1962. 

7.  "Piles,  culees  et  cintres  des  ponts"  by  J.  R.  Robinson,  Paris  Dunod  1958,  pp.  13.41. 

8.  "Erosione  d'alveo  al  piede  delle  pile  di  ponte  investite  obliquamente  dalla  corrente" 

by  P.  L.  Romita,  L'Energia  Elettrica  1953. 

9.  "Osservazioni  geotechniche  pulle  cause  che  hanno  provocate  il  cedimento  del  ponte 

suUTdice    presso    Budzio"    by    Enzo    Roveri — Asfalte,    Bitumic    Catrami,    Milano 

1959  N.4. 

10.  "Indagine  nelle  cause  che  hanno  provocate  il  cedimento  del  ponte  sul  Secchia  della 

Via   Emilia   A.   Rubiere"   bj'   Enzo   Roveri — .\sfalte,   Bitumi   e    Catrami,   Milano 

1960  N.2. 

11.  "Affouillements  autour  de  piles  de  ponts  en  riviere"  bj'  L.  J.  Ti.son,  Academic  Royale 

de  Belgique,  Classe  de  Sciences,  1937. 

12.  "Ponte"  by  Luigi  Stabilini,  Milano,  Tamburini  1954,  Cap  II. 

13.  "Erosion  autour  de  piles  de  ponts  en  riviere"  by  L.  J.  Tison — Annales  des  Travaux 

Publics  de  Belgique,  1940. 

14.  "Scour  at  Bridge  Crossings"  by  Emmett  M.  Laursen,  Transactions,  .ASCE,  Vol.  127. 

1962,  Part  1,  p.  166. 

15.  "Riprap  Protection  against  Scour  Around  Bridge  Piers"  by  Nelson  L.  de  Sousa  Pinto, 

unpublished  master's  thesis.  State  University  of  Iowa,  1959. 

16.  "Bridge  Engineering"  by  J.  A.  L.  Waddell,  1925,  p.   1127  et  seq. 

17.  "Use  of  Nylon  in  Hydraulic  Engineering"  by  Dr.  J.  P.  A.  Van  Lookeren  Campagne, 

Civil  Engineering,  Vol.  33,  No.  1,  Jan.  1963,  p.  31. 
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18.  "Approaches  to  the  Study  of  Mechanics  of  Bed  Movement'  by  L.  G.  Straub,  Pro- 
ceedings, 1st  Hydraulics  Conference,  State  University  of  Iowa,  Iowa  City,  Iowa, 
1940. 

10.  "River  Bed  Scour  During  Flocds"  by  E.  W.  Lane  and  VV.  M.  Boriand,  .'XSCE  Trans- 
actions, Vol.  119,   1954. 

20.  "The  Total  Sediment  Load  of  Streams"  by  E.  M.  Laursen,  ASCE  Proceedings,  Vol. 

84,  No.  HYl,  Feb.  1958. 

21.  "An  Investigation  of  the  Effect  of  Bridge-Pier  Shape  on  the  Relative  Depth  of  Scour' 

by  D.  E.  Schneible,  M.S.  thesis,  State  University  of  Iowa,  June  1951. 

22.  "Backwater  Effects  of  Bridge  Piers  and  Abutments"  by  H.  K.  Lin,  J.  N.   Bradley 

and  E.  O.  Plate,  Civil  Engineering  Section  Project  Report  CER.  57HKL2,  Colo- 
rado A.  and  M.  College,  Fort  Collins,  Colo.,  1957. 
25.  "The  Behavior  and  Control  of  Rivers  and  Canals"  (with  the  aid  of  models)   by  Sir 
C.  C.  Inglis,  Gout  of  India,  Central  Water  Power  Irrigation  and  Navigation  Re- 
search Sta.,  Ponna,  1949. 

24.  "Regime    Behaviour   of   Canals   and   Rivers"   by   T.   Blench,   Butterworths   Scientific 

Pubhcations,  London  and  Toronto,   1957. 

25.  "The  Hydraulic  Geometry   of  Streams,   Channels  and  Some  Physiographic  Imphca- 

tions",  U.S.G.S.  Prof.  Paper  252,  1953. 

26.  "Field  Verification  of  Model  Tests  on  Flow  Through  Highway  Bridges  and  Culverts" 

by  Carl  F.  Izzard  and  Joseph  N.  Bradley,  Proceedings  7th  Hydraulics  Conference 
Iowa,  1958,  p.  225. 

27.  "River  Training" — Railway  Board  Technical  Paper  No.  334. 

28.  "Technical    Annual    Report  ' — Central    Water    and    Power    Research    Station,    Poona, 

India,  1938-39. 

29.  "Technical   Annual    Report" — Central   Water   and   Power   Research    Station,   Poona, 

India,  1950. 

30.  "Technical   Annual    Report" — Central    Water   and   Power   Research    Station,   Poona, 

India,  1954. 

31.  "Technical    Annual    Report" — Central   Water   and   Power   Research    Station,   Poona, 

India,  1955. 

52.  "Stable  Channels  in  Alluvium"  by  G.  Lacey,  Journal  of  the  Institution  of  Civil  En- 
gineers, Paper  No.  4736,  1929. 

33.  "River  Training  and  Control  of  the  Guide  Bank  System"  by  F.  J.  E.  Spring,  Rail- 
way Board's  Technical  Publication  No.  153. 

^4.  "Principles  of  River  Training  for  Railway  Bridges  and  Their  Application  to  the 
Case  of  the  Hardinge  Bridge  over  the  Lower  Ganges  at  Sara"  by  R.  Gales,  Jour- 
nal of  the  Institution  of  Civil  Engineers,  Dec.  1938,  Paper  No.  5167. 

35.  "Investigations  Carried  Out  by  Means  of  Models  at  the  Khadakwasla  Hydrodynamics 

Research  Station  Near  Poona  in  Connection  with  the  Protection  of  the  Hardinge 
Bridge  which  Spans  the  River  Ganges  Near  Paksey"  by  C.  C.  Inglis  and  D.  V. 
Joglekar,  East  Bengal  Railway,  Public  Works  Department,  Bombay,  India,  1936, 
Technical  Paper  No.  55. 

36.  "Manual  on  River  Behaviour,  Control  and  Training" — Ch.  VI,  Publ.  No.  60,  Central 

Board  of  Irrigation  and  Power. 
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on  Loa;ds  and  Stresses  of  the  Structural  Division,  American  Society  of  Civil  Engineers.  The  report 
aseemblies,  correlates  and  summarizes  existing  information  on  factors  that  determine  wind  forces  on 
structures.    Included    therein   is   a   comprehensive   bibliography   on    wind   forces   to    1961. 
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25.  "Ice  Temperature  Measurements  at  Eleven  Mile  Canyon  Dam,  January  11  to  April 
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Bureau  of  Reclamation,  U.  S.  Dept.  of  the  Interior,  Denver,  Colo.,  June  26, 
1950. 
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Report  on  Assignment  4 

Deterioration  and  Repair  of  Masonry  Structures 

J.  M.  Williams  (chairman,  subcommittee),  E.  R.  Blewitt,  L.  B.  Boyd,  W.  E.  Braken- 
siek,  J.  M.  Gilmore,  H.  W.  Hopkins,  A.  K.  Howe,  R.  J.  Klueli,  P.  R.  Matthews, 
J.  E.  Peterson,  D.  E.  Richardson,  J.  H.  Sawyer,  Jr. 

Your  committee  submits  the  following  report  recommending  the  adoption  of  revi- 
sions, deletions  and  additions  to  certain  material  now  in  Chapter  8  of  the  Manual. 

Pages  8-13-2   to  8-13-4,  incl. 

SPECIFICATIONS    FOR    SHOTCRETE 

Page  8-13-2,  Sec.   B,  Art.   1,  Scope.  Change  to  read  as  follows: 

Repairs  shall  consist  of  removal  of  soft,  disintegrated  or  honeycombed  concrete  or 
stone,  or  loose  pieces  of  brick  or  mortar,  cleaning  and  preparing  the  bonding  surface, 
application  of  a  counter-shrinkage  bonding  seal  or  two-component  epoxy  bonding  com- 
pound, placing  of  anchor  bolts  and  reinforcing  where  required,  placing  of  shotcrete  and 
finishing  to  true  lines  and  surface,  and  proper  curing. 

Page  8-13-2,  Sec.  B,  Art.  2,  Preparation.  Delete  the  first  nine  paragraphs  and 
replace  with  the  following: 

All  loose,  soft,  honeycombed  and  distintegrated  concrete,  stone  or  loose  pieces  of 
brick  or  mortar  shall  be  removed  from  the  areas  to  be  repaired  by  means  of  power 
and  hand  tools,  to  expose  a  bonding  surface  of  sound  material. 

Thin  or  feathered  edges  shall  be  avoided,  and  the  boundaries  of  the  areas  to  be 
repaired  shall  be  square  cut  or  slightly  undercut  to  a  depth  of  not  less  than  1  in. 

Abrupt  changes  in  the  thickness  of  shotcrete  patches  shall  be  avoided. 

The  thickness  of  concrete  removed  generally  shall  not  exceed  8  in,  or  one-third  the 
thickness  of  the  member,  whichever  is  the  lesser,  except  as  specified  or  directed  by 
the  engineer. 

All  defective  construction  joints  and  detrimental  cracks  in  concrete  shall  be  chipped 
out  to  a  minimum  of  4  in.  in  width  by  2  in.  in  depth. 

Unless  otherwise  specified,  shotcrete  on  brick  masonry  shall  be  not  less  than  f^  in 
thick. 

Where  there  may  be  movement  in  the  structure,  by  reason  of  expansion,  contraction 
or  vibration,  structural  cracks  or  joints  subject  to  leakage  may  be  sealed  by  means  of 
10-in,  16-oz,  cold-rolled  copper  expansion  plates  preformed  along  the  longitudinal  center 
line  of  the  copper  to  produce  a  modified  "V"  shape,  1  in  high  and  5^  in  open,  having 
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rounded  bends.  The  concrete  shall  be  chipped  out  sufficiently  to  provide  space  for  the 
installation  of  a  watertight  joint  between  the  copper  and  concrete,  and  also  for  a  chan- 
nel for  water  seepage,  properly  drained  at  the  base  of  the  crack  or  joint  (see  Fig.  1), 
or  as  otherwise  specified  by  the  engineer. 

Non-leaking  vertical  structural  cracks  where  movement  in  the  structure,  by  reason 
of  expansion,  contraction  or  vibration,  is  apparent,  may  be  sealed  with  two-componeiit 
epoxy  joint-sealing  compound. 

The  expansion  joint  between  the  finished  surface  and  "V"  of  the  copper  plate  shall 
be  filled  with  J/o  in  thick  strip  of  premolded  asphaltic  expansion  joint  material.  The 
patch  shall  be  reinforced  and  placed  as  hereinafter  specified. 

The  prepared  surface  for  shotcrete  shall  be  rough,  clean,  sound  masonry.  Oil  or 
film  of  any  sort  that  may  reduce  the  bond  shall  not  be  permitted.  Loose  particles  of 
dust  and  dirt  shall  be  removed  by  wire  brushes,  sand-blast,  or  air,  followed,  finally,  by 
water  blast.  Brick  or  tile  shall  be  sand  blasted  sufficiently  to  provide  a  good  bonding 
surface. 

On  the  wet  bonding  surface  of  concrete  an  approved  counter-shrinkage  material 
seal  shall  be  applied  to  fill  all  surface  pores  and  prevent  the  absorption  of  moisture 
from  the  replacement  material  by  the  old  surface.  The  sealing  material  shall  be  a  mix- 
ture of  1  bag  of  cement,  2  cu  ft  of  fine  sand,  30  lb  of  an  approved  counter-shrinkage 
material  and  sufficient  water  to  make  a  creamy  mixture.  Care  shall  be  taken  not  to 
apply  this  mixture  in  excess.  The  sealing  treatment  shall  be  kept  intermittently  wet  for  :i 
minimum  of  24  hr  to  assure  thorough  oxidation  and  hydration. 

At  problem  areas,  such  as  at  bearings  and  at  locations  where  positive  bond  is  man- 
datory, two-component  epox}'  bonding  compound  may  be  specified  by  the  engineer  as  an 
alternate  bonding  agent.  Following  the  removal  of  the  disintegrated  concrete  and  the 
preparation  of  the  surface  as  noted  above,  an  approved  two-component  epoxy  bonding 
compound  shall  be  apphed  with  brush  or  spray  to  a  surface  free  of  standing  water. 
In  order  to  avoid  slippage  of  the  replacement  shotcrete  on  vertical  surfaces,  the  bonding 
compound  shall  be  allowed  to  partially  set  to  a  '"tacky"  consistency  before  applying 
the  shotcrete. 

Extreme  care  shall  be  taken  to  thoroughly  mix  the  two  components  of  the  epoxy 
prior  to  the  apphcation.  Epoxy  compounds  shall  not  be  applied  at  temperatures  below 
60  deg  F  or  above  90  deg  F. 

Page  8-13-3,  Sec.  B,  Art.  3,  Anchorage.  Change  first  paragraph  to  read  as  follows: 

Shotcrete  applied  less  than  1  J/2  in  thick  over  epoxy  bonding  compound  will  not 
require  anchorage,  unless  specified  by  the  engineer.  Where  shotcrete  less  than  4  in  thick 
is  to  be  placed  on  concrete  or  stone  masonry,  or  more  than  1^  in  on  brick  masonry, 
J4-in-diameter  expansion  hook  bolts  or  equal  shall  be  spaced  18  in  center  to  center  on 
vertical  surfaces  and  12  in  center  to  center  on  overhead  surfaces.  Each  bolt  shall  have 
sufficient  engagement  in  the  sound  ma.sonry  to  resist  a  pull  of  150  lb.  When  pried  from 
the  wall  with  a  bar  inserted  under  the  bend  of  the  bolt,  the  bend  shall  straighten  without 
pulling  the  bolt. 

Page  8-13-4,  Sec.  B.  Art.  4,  Reinforcement.  Delete  the  first  five  paragraphs  and 
replace   with   the   following: 

Where  the  thickness  of  shotcrete  applied  over  a  two-component  epoxy  bonding 
compound  or  on  brick  masonry  will  be  less  than  II/2  in,  no  reinforcement  will  be  needed, 
unless  specified  by  the  engineer. 

Where  shotcrete  1^2  in  or  more  in  thickness  is  to  be  placed  on  brick  masonry,  or 
shotcrete  4  in  or  less  is  to  be  placed  on  concrete  or  stone  masonry,  one  layer  of  3-in  by 
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3-in  by  No.  10  or  2 -in  by  2 -in  by  No.  12  gage  wire  mesh  shall  be  secured  to  the 
anchor  bolts. 

Where  shotcrele  over  4  in  thick  is  to  be  placed  on  vertical  and/or  top  surfaces, 
one  layer  of  wire  mesh  shall  be  used  for  each  4  in  thickness,  or  fraction  thereof,  secured 
to  the  anchors. 

Where  shotcrete  over  3  in  thick  is  to  be  suspended,  one  additional  layer  of  wire 
mesh  .shall  be  u.sed  for  each  additional  ,^  in  thickness,  or  fraction  thereof.  Each  layer 
ol  mesh  shall  be  wired  to  each  anchor. 

A  two-way  system  of  J4-in-diameter  reinforcing  bars  shall  be  provided  where  shot- 
crete more  than  3  in.  in  thickness  is  to  be  placed  on  suspended  surfaces,  or  more  than 
4  in  on  vertical  surfaces.  These  bars  shall  be  securely  wired  to  the  anchors  and  spaced 
the  same  as  the  anchors  in  both  directions.  The  last  layer  of  wire  mesh  shall  be  secured 
by   wiring  to  the  bars. 


Report  on  Assignment  6 

Prestressed  Concrete  for  Railway  Structures 

Collaborating  with  Committee  6 

J.  R.  Williams  (chairman,  subcommittee),  W.  J.  Eney,  T.  L.  Fuller,  R.  W.  Gilmore, 
H.  R.  Hutchens,  L.  P.  Nicholson,  E.  D.  Ripple,  J.  E.  Scroggs,  G.  R.  Vanderpool, 
W.  R.  Wilson,  R.  J.  Wright 

Your  committee  presents  its  report  on  Assignment  6  in  three  parts,  as  follows: 
Part  1 — Tentative  Manual  Material  (consisting  of  a  draft  of  specifications  for  design 
and  construction  of  prestressed-concrete  trestles  for  railway  loading,  using  box  beams)  ; 
Part  2 — AAR  Laboratory  Investigation  of  Proposed  AREA  Box  Beams;  and  Part  3 — 
AAR  Laboratory  Investigation  of  Epoxy  Resin  Shear  Keys. 

Part    1 — Tentative   Manual   Material 

Your  committee  presents  as  information  a  tentative  draft  of  specifications  for  design 
and  construction  of  prestressed  concrete  trestles  for  railway  loading,  using  box  beams, 
and  requests  comments  and  criticisms  thereon,  with  the  thought  of  presenting  them 
next  year  for  adoption  and  publication  in  the  Manual. 

SPECIFICATIONS  FOR  DESIGN  AND   CONSTRUCTION  OF 

PRESTRESSED   CONCRETE  TRESTLES  FOR  RAILWAY 

LOADING,  USING  BOX  BEAMS 

A.  GENERAL 

1.  Definition 

A  prestressed  concrete  box-beam  trestle  is  a  bridge  structure  in  which  the  spans 
are  composed  of  prestressed  concrete  box  beams  supported  on  prestressed  concrete 
pile  bents. 

2.  Scope 

Trestles  constructed  under  this  specification  shall  be  built  complete,  ready  for  the 
laying  of  track,  in  strict  accordance  with  the  plan  and  intent  of  these  specifications. 
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Nothing  contained  herein  shall  be  construed  as  superseding  details  shown  on  the 
drawings.  Where  the  specifications  conflict  with  the  drawings,  the  drawings  shall  govern. 

These  specifications  and  the  details  shown  on  the  figures  apply  to  tangent  track 
only.  For  track  on  curves,  other  applicable  forces  shall  be  ai)plied. 

3.  Bents 

The  bents  shall  consist  of  three  or  more  24-in  square,  hollow,  precast,  prestressed 
concrete  piles  with  either  precast  or  cast-in-place  reinforced  concrete  caps. 

4.  Spans 

The  spans  shall  be  composed  of  precast  prestressed  concrete  box  beams  carrying 
the  track  on  a  ballasted  deck.  Each  span  shall  consist  of  three  or  more  box-type  beams 
effectively  keyed  together  so  that  they  act  as  a  unit. 

B.  DESIGN 

1.  General 

The  Specifications  for  Design,  Materials  and  Construction  of  Prestressed  Concrete 
Structures,  Part  17,  this  Chapter,  shall  govern  for  prestressed  concrete  members,  except 
as  otherwise  provided  herein. 

The  Specifications  for  Design  of  Plain  and  Reinforced-Concrete  Members,  Part  2, 
this  Chapter,  shall  govern  for  conventionally  reinforced  concrete  members,  except  as 
otherwise  provided  herein. 

2.  Assumptions 

The  box  beams  are  designed  as  simple  spans  with  each  beam  carrying  an  equal 
share  of  the  vertical  loads. 

The  piles  are  assumed  monolithic  with  the  caps.  The  bearing  of  the  beams  on  the 
bents  shall  be  assumed  not  to  restrain  the  rotation  or  translation  of  the  caps. 

Piles  are  designed  as  columns,  but  in  addition  they  are  designed  for  handling,  as 
shown  in  Fig.  5. 

3.  Design  Loads 

The   following   loads   shall   be   used  in   the   design   of   prestressed   concrete   trestles: 

(a)  Dead  load 

(b)  Live  load 

(c)  Impact 

(d)  Lateral  forces 

(e)  Longitudinal  forces 

4.  Dead  Loads 

The  dead  load  shall  consist  of  the  estimated  weight  of  the  track,  the  ballast  and 
the  structural  member. 

5.  Live  Loads 

The  recommended  live  load  is  Cooper  E  72. 

6.  Impact 

Impact   forces  .shall  be  computed   from  the  following  formula: 

L" 
'  "  -^^  ~~  500 
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where  /  is  the  percentage  of  the  hve  load  for  impacl  and  L  is  the  span  Icrglh  center 
to  center  of  bearing  in  feet. 

Impact  shall  be  neglected  in  determining  the  load  on  the  pile.  (See  Specifications 
for  Pile  Foundations,  Part  4,  this  Chapter). 

7.  Lateral  Forces 

Lateral  forces  shall  be  determined  as  indicated  in  Specifications  for  Design  of  Plain 
and   Reinforced   Concrete   Members,  Part  2,  this  Chapter. 

8.  Longitudinal  Force 

The  longitudinal  force  resulting  from  the  stopping  and  starting  of  trains  shall  be 
either  the  force  due  to  braking,  equivalent  to  IS  percent  of  the  total  live  lead  without 
impact,  or  the  force  due  to  traction,  equivalent  to  25  percent  of  the  weight  on  the 
driving  wheels  on  the  span  without  impact,  whichever  is  greater. 

The  longitudinal  force  shall  be  taken  on  one  track  only  and  shall  be  assumed  to  act 
at  the  top  of  bent. 

For  trestles  not  exceeding  200  ft  in  length  having  longitudinal  continuity  by  fric- 
tional  resistance  and  having  continuity  of  rail  (welded  or  bolted  joints) ,  the  entire  longi- 
tudinal force  may  be  considered  carried  to  the  embankments  at  the  end  of  the  trestle. 
For  trestles  exceeding  200  ft  having  continuity  of  members,  continuity  of  rail  (welded 
or  bolted  joints)  and  double  bents  as  shown  on  Fig.  6,  one-half  the  specified  longitudinal 
force  shall  be  distributed  to  the  bents  in  proportion  to  their  relative  stiffnesses. 

If  longitudinal  continuity  is  broken,  as  by  a  movable  span  or  a  span  having  expan- 
sion bearings,  the  entire  longitudinal  force  shall  be  distributed  to  the  bents  (or  piers) 
in  proportion  to  their  relative  stiffnesses. 


C.  CONSTRUCTION 

1.  General 

The  general  construction  is  shown  on  Fig.  \.  It  may  be  desirable  to  reduce  the 
span  lengths  of  certain  panels  because  of  interference  with  existing  bents  or  other  local 
conditions. 

2.  Precast  Prestressed  Concrete  Piles 

Details  of  24-in  hollow  prestressed  square  piles  are  shown  on  Fig.  5.  Pick-up  points 
for  handling  shall  be  clearly  marked  as  shown.  Piles  may  be  open  both  ends  or  closed 
one  end,  as  specified  by  the  engineer. 

The  piles  shall  be  manufactured,  handled  and  driven  in  compliance  with  Specifica- 
tions for  Pile  Foundations,  Part  4,  this  chapter. 

Voids  shall  be  located  within  ^-in  of  position  as  shown  on  plans.  Pile  ends  shall 
be  plane  surfaces  and  perpendicular  to  axis  of  pile  with  a  maximum  tolerance  of  ^  in 
for  width  of  pile  transversely.  The  maximum  sweep  (deviation  from  straightness  meas- 
ure along  two  perpendicular  faces  of  the  pile  while  not  subject  to  bending  forces)  shall 
not  exceed  Ys,  in.  in  any  10-ft  of  its  length,  Yg,  in.  in  any  40-ft,  or  ts  in  by  (total  length 
in  feet)   divided  by  20  ft. 

3.  Bents 

One  double  bent  shall  be  used  for  each  200  ft  of  trestle. 

Collars  as  shown  on  Fig.  1  and  Fig.  6  shall  be  used  if  specified  by  the  engineer. 

The  computed  average  load  per  pile  for  an  interior  single  bent  is  74  tons. 
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The  caps  for  the  sinj:k'  bents  ma\  he  either  precast  or  rast-in-place.  The  caps  for 
the  double  bents  and  the  collars  for  both  single  and  double  bents  are  to  be  cast-in-place. 

The  portion  of  the  double  bents  between  spans  above  the  bridge  seat,  as  shown  on 
Fig.  6,  may  be  either  precast  or  cast-in-place. 

The  interior  of  the  piles  and  the  holes  in  the  precast  cap  shall  be  clean  and  free 
of   form   oil   or   forming   material    before   the   concrete   j^rout   is  cast. 

4.  Box   Beams 

The  box  beams  as  shown  in  Fig.  3  are  designed  so  that  a  span  composed  of  four 
.^-ft-wide  beams  or  three  4-ft-wide  beams  will  be  of  Cooper  E  11  design.  A  span  com- 
posed of  two  3-ft-wide  beams  and  two  4-ft-wide  beams  will  be  .somewhat  in  exce.ss 
of  E   72   design. 

The  beams  shall  be  so  constructed  that  the  following  maximum  rlimcnsional  toler 
ances  are  not  exceeded: 

Maximum 
Type  of  Tolerance  (28-Fl  Box  Renin)  Tolerance 

Overall  Dimensions: 

Length    ±  }/2  in 

Width    ±  J4  in 

Height     =!=  54  in 

Cross  Sectional: 

Depth — top   slab    ±  i/^  in 

Depth — bottom    slab     +  /^  in  or  0 

Wall— thickness    ±  H  in 

Out  of  square   (variation  per  side)    it  i/^  in 

Alinement: 

Variation  from  straight  line   ±  -y^in 

Camber: 

Variation  measured  at  bottom  of  beam  in  any  one  span    H  in 

Bearing  area: 

Variation  from  plane  surface    ^  in 

Square  ends: 

Deviation  from  square    J^  in 

Tie  rod  tubes: 

Variation   of   spacing   between   the   centers   of   tubes   and   from   centers   of 

tubes  to  the  ends  of  the  beams   M  in 

Weight: 
Variation  in  excess  of  computed  weitjhl   10% 

Prestressing  steel: 

Vertical   location    ±  ^4  in 

Horizontal  location   ±  i/,  in 

5.  Voids 

Inside  forms  for  voids  shall  be  water  resistant  and  humidity  resistant,  and  capable 
of  withstanding  and  maintaining  their  shape  under  the  full  hydrostatic  pressure  of  the 
vibrated  concrete. 

6.  Elastomeric  Bearing  Pads 

Elastomeric  bearing  pads  shall  be  in  accordance  with  Specifications  for  Design  and 
Materials  of  Xeoprone  Bearing  Pads,  Part  18,  this  Chapter.  They  shall  be  bonded  to 
the  box  beams  and  to  the  caps  with  an  approved  epoxy  adhesive. 
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7.  Keyways 

The  box  beams  in  each  span  shall  be  bonded  together  for  their  full  depth  by  filling 
the  keyways  and  any  voids  below  the  keyways  with  a  sand-filled  epoxy  resin  grout 
of  an  approved  type.  The  following  is  a  suggested  epoxy  formula  that  may  be  used: 

Wt,  Lb       Vol,  Gal  Material 

Resin   portion    100  10.31        Epi-Rez     509  or  equal 

Converter    35  4.27         Epi-Cure  872  or  equal 

The  sand  filler  shall  be  a  clean,  dry,  well  graded  masonry  sand.  The  amount  of  sand 
used  will  depend  on  the  gradation  of  the  sand  and  degree  of  workability  desired.  Approxi- 
mately six  parts  of  sand  to  one  part  of  resin  by  volume  will  generally  give  a  pourable 
mix.  The  mixing  of  trial  batches  may  be  necessary  to  determine  the  best  proportions. 

The  sides  of  the  beams  to  be  bonded  shall  first  be  primed  for  their  full  depth  with 
a  brush  coating  of  the  above  formulation  without  the  sand  filler.  The  beams  shall  then 
be  pulled  together,  the  transverse  rods  tightened  and  the  epoxy  sand  grout  poured  into 
the  keyways  before  the  prime  coat  has  hardened.  The  use  of  sponge-rubber  strips  or 
other  suitable  sealing  material  along  the  bottom  of  the  beams  and  at  the  ends  will  be 
necessary  to  retain  the  epoxy  grout  until  it  has  hardened. 

If  the  beams  are  to  be  bonded  together  prior  to  erection,  the  operation  shall  be 
carried  out  with  the  beams  setting  on  rigid  level  supports  at  their  end  bearings  only. 

If  necessary,  the  curing  time  of  the  epoxy  may  be  shortened  by  heating  the  grout 
with  steam  tubes  or  electrical  resistance  cables  placed  in  the  keyways.  At  temperatures 
below  50  deg  F  heating  of  the  keyways  will  be  necessary,  since  below  this  temperature 
the  epoxy  will  cure  very  slowly,  if  at  all. 
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FIG.  I 
AMERICAN    RAILWAY    ENGINEERING    ASSOCIATION 
PRESTRESSED     CONCRETE     RAILWAY     TRESTLE 

GENERAL  PLAN 
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FIG  2 
AMERICAN    RAILWAY    ENGINEERING    ASSOCIATION 
PRESTRESSEO    CONCRETE     RAILWAY      TRESTLE 

DETAILS 
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FIG.  3 

AMERICAN    RAILWAY   ENGINEERING   ASSOCIATION 

PRESTRESSED    CONCRETE   RAILWAY    TRESTLE 
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FIG  4 
AMERICAN    RAILWAY    ENGINEERING   ASSOCIATION 
PRESTRESSED     CONCRETE    RAILWAY    TRESTLE 
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DETAIL- PRECAST  CAPS 
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FIG  5 
AMERICAN   RAILWAY  ENGINEERING  ASSOCIATION 
PRESTRESSED   CONCRETE    RAILWAY   TRESTLE 

24  INCH PRESTRESSED  CONCRETE  PILE 


*5  GAGE  WIRE  SPIRAL  TIES 


iU 


l2'-0      3  IN  PITCH 


-5  TURNS  UN  PITCH 


12-0      3  IN  PITCH 
5  TURNS  I  IN  PITCH 


l'/2  IN  CHAMFER 


-4-  Lao-^/iglN.  S  R  STRANDS 
SECTION  A-A 


L  MAX. -85' 

0,30L     , 

0,70  L 

r  '  t 

I  POINT  PICK-UP 

L  MAX. -122' 


.O.ZIIr 


2  POINT  PICK-UP 

NOTE:   UNLESS  SPECIAL  LIFTING  DEVICES  ARE 
ATTACHED  FOR  PICK-UP,  PICK-UP  POINTS  SHALL 
BE  CLEARLY  MARKED  ON  ALL  PILES  AND  ALL 
LIFTING  SHALL  BE  DONE  AT  THESE  POINTS. 
LENGTHS  SHOWN  ARE  BASED  ON  CONCRETE 
HAVING  ATTAINED  A  5000  PSI  STRENGTH.  LOADING 
|l/2xFULL  DEAD  LOAD, ALLOWABLE  TENSILE 
STRESS  -e.OTfJ". 


NOTES 

ULTIMATE  COMPRESSIVE  CYLINDER  STRENGTH  OF  CONCRETE  SHALL  BE  NOT  LESS  THAN 

5,000  PSI    IN   28  DAYS 

ULTIMATE  COMPRESSIVE  CYLINDER  STRENGTH  OF  CONCRETE  SHALL  BE  NOT  LESS  THAN 

4,000  PSI   AT  TRANSFER   OF  PRESTRESSING  FORCE. 

UNIT  PRESTRESS  AFTER  ALL  LOSSES  SHALL  NOT  BE  LESS  THAN  700  PSI 

CONCRETE  SHALL  BE  AIR-ENTRAINED  CONCRETE   AS  SPECIFIED  IN  CHAPTER   8, 

PART  I,  SEC.  J,  PAR  4 

ALL   PRESTRESSING  STRANDS  SHALL  BE  Vig  IN  ,7  WIRE  UNCOATED,  STRESS-RELIEVED, 

MEETING  THE  REQUIREMENTS  OF  ASTM  DESIGNATION    A4I6, 

INITIAL  PRESTRESS  SHALL  BE    18,500  LB    PER  STRAND 

SPIRAL  REINFORCEMENT  SHALL  BE   COLD  DRAWN  WIRE, 

AREA  NET  SECTION  =  399  SO  IN 

SHIPMENT  FROM  PLANT  SITE  OR  DRIVING  WILL  NOT  BE  PERMITTED  UNTIL  THE  MINIMUM 

28-DAY  COMPRESSIVE  STRENGTH  IS  REACHED 
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Part   2 — AAR   Laboratory    Investigation    of    Proposed 
AREA  Box  Beams 

During  1962  an  investigation  was  conducted  at  the  AAR  Research  Center  on  four 
full-size  prestressed  concrete  box  beams  constructed  in  accordance  with  the  proposed 
AREA  specification  for  use  with  concrete  trestles.  The  purpose  of  the  investigation  was 
to  study  the  performance  of  those  beams  under  static  and  repeated  loading  before  rec- 
ommending them  for  Manual  material.  The  investigation  was  cooperative  between  the 
Prestressed  Concrete  Institute  and  the  A.AR.  The  PCI  furnished  the  beams  and  the  AAR 
furnished   the  laboratory  equipment   and   personnel. 

One  beam  was  loaded  statically  with  the  following  results: 

Beam  Rl 

De  flee  lion 

Design    load     48  kips  per  load  point         0.09  in 

Cracking    load     80  kips  per  load  point         0.16  in 

Ultimate    load     140  kips  per  load  point         .^.07  in 

The  other  three  beams  were  subjected  to  repeated  loads  as  follows: 

Kips  per  Load  Point 

Min  Load        Max  Load  No.  Cycles 

Beam    R2    15                       70  2,006,100 

Beam   R3    19                     83  2.205,100 

Beam    R4    68                   100  850.700 

The  ultimate  load  for  Beam  Rl  was  2.9  times  the  design  lead.  Failure  occurred  by 
crushing  of  the  concrete. 

The  fatigue  strength  at  2,000,000  cycles  of  these  beams  is  indicated  to  be  at  least 
1.7  times  the  design  load.  Beams  R2  and  R3  did  not  fail.  Beam  R4  failed  by  strand 
breakage. 

Soon  after  the  beams  arrived  at  the  Research  Center,  it  was  observed  that  tensile 
cracks  had  formed  in  the  top  of  the  beams  extending  downward  into  the  keyway. 
They  were  .spaced  somewhat  uniformly  throughout  the  length  cf  the  beams.  These  cracks 
were  apparently  the  result  of  shrinkage  of  the  concrete  combined  with  tensile  stresses 
imposed  by  the  prestressing  force. 

This  cracking  is  considered  to  be  objectionable  for  railroad  use  since  the  ballast  is 
placed  directly  on  the  concrete.  It  was  decided,  therefore,  to  redesign  the  beams  to 
eliminate  this  condition. 

Accordingly,  during  1963  two  beams  were  fabricated  with  a  revised  strand  pattern. 
Whereas  the  first  beams  had  fifteen  ^-in  strands  in  the  lower  flange,  these  revised  beams 
had  13  strands  in  the  lower  flange  and  3  strands  in  each  side  wall — two  of  which  were 
close  to  the  top  of  the  beam.  No  tensile  cracking  has  been  observed  in  these  beams  to 
date.  They  will  be  subjected  to  repeated  loads  similar  to  those  investigated  last  year. 

At  the  same  time  the  above  two  beams  were  cast,  three  beams  were  cast  without 
end  blocks  and  a  center  diaphragm.  These  beams  had  the  same  strand  pattern  and 
dimensions  as  the  conventional  beams,  and  are  known  as  through -voided  beams. 

One  of  these  through-voided  beams  was  loaded  statically  with  the  following  results: 

Bf..\m    R5A 

Deflection 

Design    load    48  kips  i)er  load  point       0.19  in 

Cracking    load    72  kips  per  load  point       0.13  in 

Ultimate  load    150  kips  per  load  point       3.03  in 
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The  ultimate  load  for  this  beam  was  3.1  times  the  design  load.  Failure  occurred  by 

cru.shing  of  the  concrete. 

Repeated  loads  in  excess  of  the  cracking  load  will  be  applied  to  the  other  two  beams 
The  investigation   during   1963   was  also   conducted  cooperatively  between   the  PCI 

and  the  AAR. 

Part    3 — AAR    Laboratory    Investigation    of    Epoxy 
Resin  Shear  Keys 

The  1963  report  of  Committee  30  contains  a  reference  to  AAR  Engineering  Research 
Report  No.  ER  21,  "Field  Investigation  of  FEC  Prestressed  Concrete  Beams."  This 
report  indicated  that  shear  keys  are  effective  in  distributing  live  loads  across  the  deck. 
Several  railroads  are  now  using  an  epoxy  resin  sand-filled  mortar  to  fill  the  shear  key, 
and  the  AAR  Research  Center  conducted  an  investigation  to  determine  the  performance 
of  an  epoxy  resin  system  in  transmitting  loads  to  adjacent  beams  by  shear. 

Several  beams  were  available  from  previous  investigative  work,  which  had  not 
failed  under  repeated  loads  and  were  considered  suitable  for  a  study  of  epoxy  resin 
bonding.  Two  beams  were  installed  side  by  side  in  a  test  frame  in  a  similar  manner  as 
in  a  bridge.  The  space  between  the  beams  was  then  filled  to  the  full  depth  of  the  beams 
with  the  epoxy  sand  mixture  by  pouring  in  from  the  top.  These  beams  had  not  been 
fabricated  with  the  usual  shear  key  recess  and  were  fiat-sided  beams.  After  the  mixture 
had  hardened,  load  was  applied  to  one  beam  only  but  was  sufficient  to  crack  both  beams. 
This  load  was  repeated  2,000,000  times  without  any  apparent  distress  to  the  epoxy  joint. 
Each  beam  deflected  nearly  the  same  amount. 

Two  other  beams  were  then  installed  as  above,  but  with  the  epoxy  bonding  only 
over  the  top  third  of  the  depth.  The  beams  were  loaded  as  above,  and  also  sustained 
2,000,000  cycles  without  any  apparent  distress  to  the  joint. 


Report  on  Assignment  7 

Quality  of  Concrete  and  Mortars 

Collaborating  with  Committee  6 

J.  W.  Dolson   (chairman,  subcommittee),  M.  W.  Bruns,  L.  F.  Currier,  W.  J.  Galloway, 
S.  B.  Holt,  A.  C.  Johnson,  L.  M.  Morris,  L.  P.  Nicholson,  M.  S.  Norris,  R.  I.  Rollings. 

Your  committee  is  currently  revising  the  pamphlet  "How  to  Make  Good  Concrete" 
to  include  the  use  of  ready-mix  concrete.  Progress  is  being  made  on  this  subject  but 
there  is  nothing  definite  to  report  at  this  time. 


Your  committee  also  offers  for  adoption  the  following  editorial  revisions  with  respect 
to  Chapter  8  of  the  Manual. 

Pages  8-19-1   to  8-19-3,  incl. 

ASTM   SPECIFICATIONS  AND  DESIGNATIONS 

Pages  8-19-1,  8-19-2  and  8-19-3. 

Change  sub-heading  on  each  page  from  "Specification  for  or  Standard  Method  of 
Test  For"  to  "Specification  for  or  Method  of  Test  For." 
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A16-62T,  change  to  A16-63T. 

A431-62T,  change  title  to  "Deformed  Billet  Steel  Bars  for  Concrete  Reinforcement 
with  75,000  Psi  Minimum  Yield  Strength   (Tentative)." 

A432-62T,  change  title  to  "Deformed  Billet  Steel  Bars  of  Concrete  Reinforcement 
with  60,000  Psi  Minimum  Yield  Strength  (Tentative).' 

C33-61T,  change  to  C33-63,  and  delete  word  "(Tentative)"  from  title. 

C76-62T,  change  to  C76-63T. 

C87-62T,  change  C87-63T. 

C88-61T,  change  to  C88-63,  and  delete  word  "(Tentative)"  from  title. 

C91-60,  change  to  C91-63. 

C109-58,  change  to  C109-63. 

C117-61T,  change  to  C117-62T  and  change  title  to  "Test  for  Materials  Finer  than 
No.   200  Sieve   in   Mineral   Aggregates   by   Washing   (Tentative).'' 

CI 23-5 7T,  change  to  C123-63T. 

C136-61T,  change  to  C136-63  and  change  title  to  "Sieve  or  Screen  Analysis  of  Fine 
and  Coarse  Aggregate." 

C138-44,  change  to  C138-63. 

C150-62,  change  to  C150-63, 

C175-61,  change  to  C175-63  and  add  hyphen  between  words  "Air  '  and  "Entraining." 

C190-59,  change  to  C190-63. 

C205-62T,  change  to  C205-63T. 

C227-61T,  change  to  C227-63T. 

C260-58T,  change  to  C260-63T. 

C289-61T,  change  to  C289-63T. 

C290-61T,  change  to   C290-63T. 

C292-61T,  change  to   C292-63T. 

C330-S9T,  change  to  C330-60T. 

C340-62T,change  to  C340-63T. 

C360-55T,  change  to  C360-63  and  delete  word   ("Tentative)"  from  title. 

D15-60T.  change  to  D15-62T. 

D1149-60T,  change  to  D1149-62T. 


Report  on  Assignment  8 

Waterproofing   for   Railway   Structures 

Collaborating  with  Ccmmittees  6,  7  and   15 

R.    |.    Brueskc    (chairman,   subcommittee),   A.   L.   Becker,   A.   K.   Howe,    |.    R.    Iwinski. 
M.  Pikansky,   D.   B.  Roth.  D.  V.  Wigal.  K.  B.  Woods. 

Your  committee  submits  for  adoption   the   following  rocommcndalions  with   respect 
to  Chapter  29  of  the  Manual: 

Pages  29-2-3   to   29-2-6,   incl. 

SPECIFICATIONS    FOR    MEMBRANE   WATERPROOFING 

Pages    29-2-3    and   29-2-4,    Sec.    B.    .Art.   4.   Mcml)ranc   Protection.    .Add    paragraph 
at   beginning  reading: 

Hull.  r>s:s 
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"a.  Premolded  Asphalt  Block 

Premolded  asphalt  blocks  shall  meet   the   following  requirements: 

They  shall  be  4  in  wide,  8  in  long  and  V/4  in  thick.  A  deviation  of  Y^  in.  in  length 
or  Yi  in.  in  width  or  thickness  either  way  from  these  dimensions  shall  be  cause  for 
rejection. 

These  blocks  shall  be  formed  from  a  mixture  of  asphalt  l^ber  and  finely  crushed 
aggregate  placed  in  molds  under  a  pressure  of  not  le.ss  than  3,^00  psi  of  surface.  An 
absorption  test  shall  be  made  on  blocks  dried  for  24  hr  at  a  temperature  of  ISO  deg  F 
(6S.S  deg  C),  and  then  immersed  in  water  7  days.  The  absorption  of  moisture  under 
this  test  shall  not  exceed  one  percent  of  the  weight  of  the  block." 

Change  letter  designations  of  present  paragraphs  a  to  e,  to  b  to  f,  respectively. 

Page  29-2-5,  Sec.  C,  Art.  4,  Protective  Cover.  Under  heading  a.  General,  change 
sentence   (2),  paragraph  2,  to  read  "A  layer  of  asphalt  block  or  asphalt  plank  not  less 

than   \Ya   in   thick."  ,     ,    ,     di     u 

Page   29-2-6,   Sec.   C,  Art.  4,  Protective  Cover.   Change  heading  c.  Asphalt   Flank, 

and  the  paragraph  below  this  heading  to  read: 

"c.  Asphalt  Block  and  Asphalt  Plank 

Both  asphalt  plank  and  asphalt  block  protection  shall  be  laid  in  hot  asphalt  applied 
at  not  less  than  5  gal  per  100  sq  ft.  As  successive  planks  or  blocks  are  laid,  the  edges 
and  ends  of  adjacent  planks  or  blocks  already  laid  shall  be  coated  heavily  with  hot 
asphalt.  The  asphalt  used  with  the  asphalt  plank  or  asphalt  block  protection  sha  be 
the  same  as  specified  for  mopping  in  Sec.  B,  Art.  3a.  Both  planks  and  blocks  shall  oe 
laid  tightly  against  those  previously  laid  so  that  the  asphalt  will  completely  fill  the 
joints  and  be  squeezed  out  of  the  top.  After  all  of  the  planks  or  blocks  have  been  laid, 
any  joints  not  completely  filled  shall  be  filled  with  hot  asphalt." 


Your  committee  is  also  in  the  process  of  rewriting  Part  3,  Chapter  29,  "Coatings 
for  Dampproofing"  which  will  be  a  specification  general  in  nature.  It  is  hoped  that  this 
specification  will  be  completed  and  approved  in  1964-1965,  but  with  limited  research 
funds  available,  there  appears  to  be  little  hope  of  carrying  out  any  research  on  this 
assignment  during  the  next  year. 

Work  on  the  investigation  of  Membrane  Waterproofing  Jomt  and  Edge  Sealers 
will  be  started  upon   completion  of  the  dampproofing  specification. 


Report  on  Assignment  10 

Methods  of  Construction  with  Precast  Concrete 
Structural  Members 

Collaborating  with  Committee  6 

W.  P.  Hendrix  (chairman,  subcommittee),  G.  P.  Hayes,  Jr.,  J.  E.  Scroggs,  J.  W.  Weber, 
S.  G.  Wintoniak. 
Your   committee   submits   the   following  information   on   the   connection   of   precast 

concrete  units. 

Precast  concrete  elements  have  been  available  since  the  early  part  of  the  century, 
but  did  not  come  into  general  use  until  recent  years.  The  design  of  proper  connection 
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details  is  essential  in  the  creation  of  the  desired  linished  structure.  Cost,  ease  and  speed 
of  erection,  appearance  and  general  integrity  of  the  structure  are  contingent  ujion  correct 
joint  details. 

Progress  in  the  science  of  precast  concrete  construction  has  been  restrained,  until 
recently,  by  the  meager  amount  of  information  and  criteria  available  on  joint  design. 
The  engineer  generally  has  had  to  rely  on  his  knowledge  of  the  basic  principles  of 
mechanics  and  his  personal  experience  to  guide  him  in  the  development  of  these  details. 

Several  considerations  are  essential  in  the  design  of  a  precast  concrete  connection. 
The  joint  must  be  able  to  withstand  the  applied  loads  at  the  desired  location.  Its  ability 
to  stand  up  under  repeated  loadings,  climatic  conditions  and  possible  overload  must  be 
considered.  Joint  details  which  are  visible  after  completion  must  have  a  plea.sing  appear- 
ance. The  designer  must  further  consider  the  probability  that  fire-resistant  covering 
will  be  required. 

There  are  five  basic  types  of  loading  which  may  be  applied  to  the  joint — tension, 
compression,  shear,  moment  and  torsion.  These  may  occur  singly  or  in  combination  and 
may  be  primary  or  secondary  forces. 

Reinforcing  steel,  embedded  or  anchored  steel  plates,  and  prestressing  may  be  util- 
ized to  provide  for  tension  forces.  The  use  of  reinforcing  steel  or  embedded  plates 
necessitates  development  of  the  stresses  in  the  metal  by  bond  or  mechanical  anchorage. 

Compression  may  be  transferred  by  plain  or  reinforced  concrete,  structural  steel 
shapes,  pipes,  and  low-yield-strength  alloys   (such  as  babbitt  metal). 

Shear  stresses  may  be  transmitted  by  concrete  keyways,  reinforcing  steel,  structural 
steel  shapes,  metal  studs  and  by  prestressing.  Use  of  the  latter  requires  that  the  designer 
be  alert  to  the  consequences  of  combining  moment,  shear  and  compression  stresses  at 
the  joint. 

Moment  forces  in  a  precast  concrete  joint  may  be  transferred  by  reinforcing  steel, 
mechanical  devices  and  prestressing  forces.  Welding  may  be  utilized  if  extreme  care  is 
used  to  avoid  overheating  the  concrete.  Mechanical  devices  must  be  thoroughly  anchored 
to  permit  complete  development  of  the  element.  If  prestressing  forces  are  employed  to 
transfer  moment,  means  must  be  provided  ot  distribute  the  force  over  the  contact  area, 
avoiding  local  stress  concentrations.  Grouting  is  generally  the  best  solution  to  this 
problem. 

Torsion  is  a  loading  condition  that  is  avoided  whenever  possible.  This  force  may 
be  transferred  by  concrete  keys,  reinforcing  steel,  mechanical  devices  and  prestressing 
forces.  Regardless  of  the  device  used,  the  effects  of  torsion  must  be  combined  with 
other  loadings   present. 

The  foregoing  comments  are  intended  to  outline  the  basic  problems  encountered  in 
the  design  of  precast  concrete  joint  details.  Your  committee  expects  to  present  additional 
information  on  the  subject  at  a  later  date. 
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(E)  Member  Emeritus. 

Those    whose    names    are    set    in    bold    face    type    constitute    the    Engineering    Division.    .\.\R.    Cnm- 
iTiittee  IS. 


To  the  American  Railway  Engineering  Association: 

Your  committee   reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Revision  of  specifications  submitted  for  adoption    page  382 

Revision   of  specifications,  submitted  as  information,  to  be  considered   for 
adoption   one  year   hence    page  .^8,? 

2.  Design,  construction  and  maintenance  of  railway  roadway  signal  supports 
of  the  bridge  and  cantilever  types,  collaborating  with  the  Communication 
and  Signal  Section,  A.^R. 

Progress  report,  .submitted  as  information    page  384 

?>.  Corro.sion   of   deck   plates. 

Brief  progress   report,  submitted  as  information    page  .^84 

4.  Stress  distriljution  in  brid.w  frames: 
(a)   Truss  bridge  research  project. 
Progress   report,   submitted   as   information    ,..,.....,.,..,..,.   page  38,=! 
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5.  Synthetic   resins  and   other  adhesive   materials   for   protective  coating  and 
reinforcement,   collaborating  with   Committee   7, 

Progress  report,   submitted  as   information    page  386 

6.  Preparation    and   painting   of   steel   surfaces,   collaborating   with    the   Steel 
Structures  Painting  Council. 

Progress   report,   submitted   as  information    page  387 

7.  Bibhography  and  technical  explanation  of  various  requirements  in  AREA 
specifications  relating  to  iron  and  steel  structures. 

Progress   report,   submitted  as  information    page  388 

8.  Specifications   for   design    of   structural   plate   pipe   with   diameters   greater 
than  15  ft. 

Your  committee  has  considered  a  draft  specification  covering  materials, 
design,  fabrication,  erection  and  installation  of  large-diameter  pipes  in 
railway  embankments.  It  is  expected  that  a  specification  will  be  submitted 
next  year  for  pubHcation  as  information. 

10.  Effect  of  continuous  welded  rail  on  bridges,  collaborating  with  the  Special 
Committee  on  Continuous  Welded  Rail. 

Progress   report,   submitted  as  information    page  389 

The  Committee  on  Iron  and  Steel  Structures, 

C.  Neufeld,  Chairman. 

AREA   Bulletin    583,   January    1964. 


Report  on  Assignment  1 

Revision  of  Manual 

E.  S.  Birkenwald  (chairman,  subcommittee),  J.  L.  Beckel,  R.  T.  Blewitt,  R.  P.  Davis, 
E.  T.  Franzen,  W.  H.  Jameson,  J.  F.  Marsh,  D.  V.  Messman,  N.  M.  Newmark, 
E.  E.  Paul,  D.  D.  Rosen,  G.  W.  Salmon,  R.  D.  Spellman. 

Your  committee  submits  the  following  revisions  of  specifications  for  adoption  and 
publication  in  the  Manual: 

Pages   15-1-1   to    15-1-58,  incl. 

SPECIFICATIONS   FOR   STEEL   RAILWAY   BRIDGES 

Page  15-1-11,  Art.  31: 

Revise  the  value  of  30,000  to  36,000  for  bearing  on  power-driven  rivets  in  double 
shear;  also  at  the  bottom  of  the  page,  insert  the  following  last  line: 

"Bearing  on  net  area  of  self-lubricating  bronze  plates    2,000" 

Page  lS-1-33,  Art.  1: 

In  the  second  paragraph,  third  line,  correct  spelhng  of  the  word  "length." 
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Pages  15-2-1  to  15-2-73,  incl. 

SPECIFICATIONS    FOR    MOVABLE    RAILWAY    BRIDGES 

Page   15-2-20,   Art.   20: 

In  the  first  paragraph,  to  conform  with  the  conditions  listed  in  the  second  paragraph, 
change   (a)    to   1.  and   (b)   to  2, 

Page  lS-2-21,  Art.  24: 

In  the  first  paragraph,  to  conform  with  the  conditions  Hsted  in  the  second  paragraph, 
change  (a)  to  1.,  (b)  to  2.  and  (c)  to  3. 

Page    lS-2-22,   Art.   25: 

In  the  first  paragraph,  to  conform  with  the  conditions  listed  in  the  second  para- 
graph, change   (a)   to   1.,   (b)    to  2.  and   (c)   to  3. 

Pages    15-M-27   to    15-M-34,   incl. 

SPECIFICATIONS   FOR   STRUCTURAL   JOINTS   USING   HIGH- 
STRENGTH  STEEL  BOLTS  IN  STEEL  RAILWAY  BRIDGES 

Page  15-M-33: 

In  the  last  paragraph,  second  line,  change  SO  to  33  percent. 

In  the  last  paragraph,  fourth  line,  change  20,000  to  18,000  psi. 

Page  15-M-34: 

In  first  line  change  50  to  5i  percent 


Your  committee  presents  as  information  the  following  revision  to  be  considered 
for  adoption  and  publication  one  year  hence: 

SPECIFICATIONS   FOR   STEEL  RAILWAY   BRIDGES 

Page   15-1-10,  Art.  29: 
Revise  the  first  paragraph  to  read: 

"Members  subject  to  both  axial  and  bending  stresses,  including  bending  due  to 
floorbeam  deflection,  shall  be  so  proportioned  that 

Fa    ^  Fb 

does  not  exceed  1.0,  where 

Fu  ^  axial  unit  stress  permitted  by  these  specifications  for  axial  stress  only 
Fb  ==  bending  unit  stress  permitted  by  these  specifications  for  bending  stress  only 
fn  =  actual   axial   unit   stress  :=  actual   axial   stress   divided   by   sectional   area   of 

member 
/(,  :=  actual  bending  unit  stress  =  actual  bending  stress  divided  by  section  modulus 
of  member. 

In  members  continuous  over  pyanel  points,  only  f^  of  the  bending  stress  computed  as 
for  simple  beams  shall  be  used." 

Revise  second   paragraph   as   follows: 

In  the  first  line  after  the  word  "Members"  insert  "except  floorbeam  hangers  subjected 
to  bending." 
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Report  on  Assignment  2 

Design,    Construction    and    Maintenance    of    Railway 

Roadway  Signal  Supports  of  the  Bridge  and 

Cantilever  Types 

Collaborating   with   the   Communication   and   Signal   Section,   AAR 

H.  A.  Balke  (chairman,  subcommittee),  J.  L.  Beckel,  J.  M.  Hayes,  D.  V.  Messman, 
W.  G.  Mitchell,  J.  C.  Nichols,  D.  L.  Nord,  T.  G.  O'Neil,  G.  H.  Perkins,  W.  E. 
Robey,  R.   I.  Simpkins,  W.  M.  Thatcher. 

Your  committee  is  in  the  process  of  compiling  information  on  signal  supports  now 
in  use  on  both  highways  and  railways.  Before  specifications  can  be  prepared,  however, 
it  will  be  necessary  to  carry  out  additional  studies  and  investigations,  including: 

1.  Installation    and   maintenance    requirements   of   signal   equipment,   collaborating 
with  Communication  and  Signal  Section,  AAR. 

2.  Foundations  for  bridge  and  cantilever  structures,  collaborating  with  Committee 
8 — Masonry. 

3.  Materials  to   be   used  for  the  superstructures,  namely,  steels  of  various  types, 
aluminum   (including  alloys),  and  other  construction  materials. 

4.  Types   of  fasteners,  including  rivets,  high -strength  bolts,  special  bolts  used  in 
tower-type  structures,  galvanized  bolts,  and  stainless  steel  bolts. 

5.  Surface  protection,  whether  paint,  galvanizing,  metallizing  or  corrosion-resistant 
steel. 

6.  Design  recommendations  for  dead  load,  live  load  and  wind. 

7.  Erection  procedures  and  methods. 

8.  Maintenance  of  signal  supports. 


Report  on  Assignment  3 

Corrosion  of  Deck  Plates 

J.  E.  South  (chairman,  subcommittee),  R.  S.  Bennett,  E.  T.  Bond,  E.  T.  Franzen, 
E.  F.  Garland,  G.  W.  Haffey,  W.  C.  Howe,  E.  A.  Johnson,  M.  L.  McCauley,  D.  L. 
Nord,  J.  Payne,  A.  L.  Piepmeier,  C.  A.  Roberts,  W.  E.  Robey,  R.  D.  Spellman. 

Your  committee  submits  the  following  progress  report  as  information. 

In  July  1958  six  sets  of  metal  plates  were  placed  on  the  deck  of  the  Huey  Long 
Bridge,  New  Orleans,  La.  This  location  was  selected  for  its  severe  exposure  to  high 
humidity  and  salt  brine  from  refrigerator  cars.  The  plates  selected  for  this  exposure 
were  of  a  kind  that  might  be  used  as  floor  plates  on  ballast-deck  bridges.  It  was  planned 
to  remove  two  sets  after  5,  10  and  IS  years  of  exposure,  at  which  time  all  rust  and 
scale  would  be  removed  and  the  weight  loss  from  corrosion  determined.  Two  sets  of 
plates  have  now  been  removed  and  have  been  shipped  to  the  Research  Center  for 
cleaning  and  weighing  to  determine  weight  loss  after  5  years  of  exposure. 

Also,  in  July  1958  similar  metal  plates  were  placed  in  ballast  boxes  outside  the 
Research  Center  and  subjected  to  a  small  quantity  of  brine  solution  each  working  day. 
These  plates  have  now  been  removed  from  their  boxes  for  cleaning  and  weighing  and 
determination  of  loss  of  weight  from  corrosion  during  the  five-year  period. 
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The  metals  involved  in  Imth  of  these  test  installations  are;  A  7  steel,  A  7  steel 
with  copper,  stainless  steel,  A  242  steels,  manganese-vanadium  steel,  AREA  steel,  A  373 
steel,  wrought  iron,  ingot  iron,  2014-T6  aluminum,  and  6061-T6  aluminum..  Results  of 
the  tests  will  be  published  by  the  AAR  Research  Center  in  report  No.  ER  40  entitled 
'Corrosion   of  Deck  Plates  after  Five  Years  of  Exposure." 


Report  on  Assignment  4 

Stress  Distribution  in  Bridge  Frames 

E.  T.  Franzen  (chairman,  subcommittee),  L.  S.  Beedle,  E.  S.  Birkenwald,  R.  P.  Davis, 
G.  K.  Gillan,  J.  M.  Haves,  W.  H.  Jameson,  K.  H.  Lenzen,  Shu-t'ien  Li,  J.  Michalos, 
\V.  H.  Munse,  G.  P.  Nagtegaal,  R.  D.  Nordstrom,  J.  Payne,  L.  T.  Wyly. 

(a)    Truss   Bridge   Research   Project 

Your  committee  submits  the  following  report  of  progress  on  the  Truss  Bridge 
Research  Project  at  Northwestern  University: 

The  series  of  tests  on  damaged  end  posts  has  been  completed.  This  program  con- 
sisted of  tests  on  two  end  posts  with  angles  turned  out,  solid  cover  plate  on  top  and 
lacing  on  the  bottom,  and  on  two  end  posts  with  angles  turned  in,  solid  cover  plate 
on  top  and  perforated  cover  plate  on  the  bottom.  Each  end  post  was  loaded  to  failure 
at  each  increment  of  increase  in  damage,  with  damage  varying  from  none  at  the  first 
test  on  an  end  post  to  a  very  severely  damaged  condition  for  the  final  tests  on  an 
end  post. 

Following  is  a   brief  summary   of   the   conclusions: 

1.  It  is  impossible  to  compare  the  experimental  results  with  a  theoretical  analysis, 
as  there  is  no  existing  rational  mathematical  solution  to  the  problem  of  finding 
the  capacity  of  a  damaged  end  post.  However,  it  was  shown  that  a  fairly  good 
agreement  exists  between  the  experimental  results  and  those  from  a  specialized 
use  of  the  AREA  1956  Secant  Formula  and  a  "secant  formula"  modified  for 
effects  of  initial  deflection. 

2.  The  model  bridge  with  damaged  end  posts  had  greater  capacity  than  was,  in 
general,  expected  by  practicing  bridge  engineers.  Judgment  based  on  experi- 
ence will  continue  to  be  the  principal  basis  for  estimating  the  capacity  of  a 
damaged  truss  span. 

3.  Both  types  of  end  posts  failed  at  the  same  load  for  the  straight,  undamaged 
condition.  For  this  loading,  however,  the  failure  of  the  latticed  type  of  end 
post  was  of  a  localized  character,  whereas  the  perforated  cover  plate  type 
showed  an  integral-type  failure.  The  perforated  cover  plates  performed  well 
in   the  damaged  and  undamaged  condition. 

4.  The  axial  load  in  the  end  post  and  adjacent  members  remained  relatively  the 
same  for  the  damaged  and  undamaged  conditions. 

Final  reports  have  been  prepared  on  all  work  done  thus  far  on  the  Truss  Bridge 
Project.  A  report  on  the  Hydraulic  System  is  to  be  published  by  ASTM,  and  reports 
iin  the  Optical  System  and  Elastic  System  have  been  submitted  to  ASCE  for  publica- 
tion. A  report  on  the  Effect  of  Damaged  End  Posts  on  the  Ultimate  Strength  of  a  Truss 
Bridge  is  being  reviewed  prior  to  submission  to  ASCE  or  .ARE.A  for  publication. 

Continuation  of  testing  on  the  mode!  truss  span  has  been  halted  for  lack  of  funds. 
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The  project  has  also  suffered  a  severe  loss  in  the  resignation  of  its  Director,  Dr.  John 
Ely.  The  status  of  the  project  was  reviewed  at  a  meeting  of  the  Advisory  Committee 
on  July  30,  1963,  and  it  was  agreed  that  the  project  should  be  "moth-balled"  for  the 
present.  It  was  also  agreed  that: 

1.  The  committee  will  attempt  to  secure  additional  funds. 

2.  Northwestern   University   will  investigate   the  possibilities   of  obtaining  a   new 
director. 

3.  The  Advisory  Committee  will  meet  early  next  year. 

4.  An   effort  will  be  made  to   resume  testing  about  September  1964. 


Report  on  Assignment  5 

Synthetic  Resins  and  other  Adhesive  Materials 
for  Protective  Coating  and  Reinforcement 

Collaborating  with  Committee  7 

M.  L.  Koehler  (chairman,  subcommittee),  E.  D.  Billmeyer,  J.  C.  Bridgefarmer,  H.  E. 
Dearing,  G.  E.  Henry,  E.  W.  Kieckers,  R.  F.  Moline,  G.  H.  Perkins,  R.  A.  Peteritas, 
D.  D.  Rosen,  H.  Seitz,  R.  I.  Simkins,  A.  E.  Smith. 

Your  committee  submits  the  following  brief  report,  as  information,  concerning  the 
application  of  epoxies  to   steel  structures. 

In  September  1961  epoxy  coatings  were  applied  on  the  top  surface  of  the  floor 
plates  of  the  track  trough  of  two  tracks  of  a  through-plate  girder  railway  bridge,  73  ft 
6  in  long,  spanning  a  city  street.  Coatings  of  different  formulations  were  applied  under 
each  track.  One  track  portion  was  coated  with  AREA  formulation  "Cl"  except  that 
a  modification  in  the  converter  was  made  with  the  addition  of  cabosil.  The  other  track 
portion  was  coated  with  a  proprietary  coal-tar-filled  epoxy.  The  surfaces  on  which  the 
coatings  were  applied  include  the  horizontal  surface  of  the  floor  plates  upon  which  the 
timber  deck  ties  rest  and  the  inclined  side  plates  of  each  track. 

Condition  at   Time   of  Inspection,  October  1963: 

(a)  Formulation  "Cl"  coating.  There  is  practically  a  complete  failure  of  the  coating 
on  the  horizontal  surface  on  which  the  ties  rest. 

(b)  Coal-tar-filled  epoxy  on  horizontal  surface  on  which  the  ties  rest.  There  was 
heavy  rust  undercutting  over  large  areas  and  scaling,  particularly  near  each  end  of 
bridge  floor.  The  epoxy  is  now  offering  fair  protection  and  one  to  two  more  years  of 
life  is  anticipated. 

(c)  Both  coatings  on  the  inclined  side  surface  are  in  good  condition  in  general, 
but  need  spotting  in  several  areas,  particularly  the  "Cl"  formulation. 


The  following  applications  of  epoxies  were  made  on  other  railroad  bridges: 
Catalysed-coal-tar  epoxy  was  applied  in  1959  to  a  through-girder  draw  span  in  a 
corrosive  atmosphere  subject  to  salt  spray.  The  epoxy  coating  is  showing  breaks  in 
some  areas.  The  same  material  was  applied  in  1961  to  the  floor  system  on  two  through 
trusses  in  a  location  subject  to  heavy  brine  drippings.  So  far  the  coating  has  been  satis- 
factory, but  it  is  too  soon  to  determine  end  results. 

On   a   truss  lift  bridge  in   an   area  subject  to   dilute  sulphuric  acid  attack   from  a 
nearby   paper   plant,   a  highbuild   one-coat   epoxy   was  applied  to   secure   eight   to   nine 
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mills  dry   thickness.  Rivet  heads  and  thin  edges  were  coated  by  brush  prior  to  single 
spray  coating. 

An  active  assignment  of  the  Research  Council  for  Riveted  and  Bolted  Structural 
Joints  is  being  conducted  at  the  University  of  Illinois  to  explore  the  use  of  cpoxies  to 
jn-event  slippage  of  bolted  joints. 


Report  on  Assignment  6 

Preparation  and  Painting  of  Steel  Surfaces 

Collaborating  with  the   Steel   Structures   Painting  Council 

R.  C.  Baker  (chairman,  subcommittee),  E.  D.  Billmeyer,  E.  F.  Garland,  G.  W.  Haffey, 
E.  VV.  Kieckers,  R.  F.  Moline,  G.  H.  Perkins,  R.  A.  Peteritas,  D.  D.  Rosen,  H.  Seitz, 
R.  I.  Simkins,  A.  E.  Smith,  A.  J.  Wood. 

Your  committee  submits  as  information  the  following  progress  report  on  some  of 
the  tests  on  railroad  bridges  being  conducted  by  the  Steel  Structures  Painting  Council. 

Bessemer  &  Lake  Erie 

The  entire  Allegheny  River  Bridge,  River  Valley,  is  the  site  of  a  joint,  full-scale 
comparison  test  of  six,  high-quality  oil-base  paint  systems. 

Seaboard  Air  Line  Railroad 

This  railroad  now  blast-cleans  its  bridges,  but  jointly  with  the  Council  has  also 
made  a  study  of  synthetic  resin  maintenance  paints  on  two  hand-cleaned  steel  railroad 
bridges  exposed  to  brine  drippings.  On  one  severely  exposed  floorbeam  system,  the  most 
successful  paint  system  was  an  asphalt  mastic  (SSPC-Paint  12)  applied  over  a  red-lead 
iron-oxide  phenolic  paint  (SSPC-Paint  6)  ;  on  another,  tlie  less  severely  attacked  bottom 
chords  were  best  protected  by  a  vinyl  system  applied  over  a  special  primer  coat  for 
hand-cleaned  steel;  and  on  12  end  posts  of  this  bridge,  SSPC-Paint  11  was  the 
outstanding  primer. 

Santa  Fe 

The  Council  also  follows  the  successful  performance  of  several  well  known  proprie- 
tary oil-base  coatings  applied  nine  years  ago  to  three  bridges  in  mild  environments  on 
the  Santa  Fe. 

Load-Bearing  Surfaces 

Load-bearing  surfaces  on  railroad  bridges  are  usually  directly  beneath  the  timber 
ties  and  are  subjected  to  a  combination  of  abrasion,  brine,  creosote,  moisture  and  the 
action  of  contaminants.  Successful  systems  tested  by  the  Council  to  date  on  the  Chicago 
Great  Western  Railroad  include:  metallizing,  inorganic  zinc  paint,  neoprene,  epoxy  ester, 
chlorinated  rubber,  cementitious  oil  paint,  impregnated  tie  pads,  grease  over  paint,  coal 
tar  and  vinyl  epoxies. 

Weathering  Vs.  Shop  Painting 

A  joint  test  with  the  Great  Nortlurn  Railway,  tlii'  l'iniis>  Ivania  R;iilr(>;i<l  and  liu- 
SSPC  has  been  under  observation  since   1957  to  determine  the  difference  in  paint  per- 
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formance  between  shop-painted  steel  and  steel  which  had  been  weathered  before  cleaning 
and  painting.  After  six  years  the  paint  performance  under  both  conditions  has  been 
excellent  on  both  bridges. 

Synthetic  Paint  Systems 

Over  a  ten-year  period  two  Missouri  Pacilic  Railroad  bridges  have  been  the  sito 
of  an  extensive  test  of  synthetic  paint  systems,  including  some  of  the  early  epoxies, 
urethanes,  neoprenes,  and  chlorinated  rubbers.  The  latest  Council  report  shows  that  .i 
surprising  number,  including  some  vinyls,  some  phenolics  and  chlorinated  rubber,  are 
still  in  good  condition. 

Grease  Paints 

Grease-type  rust-preventive  coatings  are  the  subject  of  an  investigation  on  the 
Southern  Railway  System.  Here,  low  initial  cost  of  material,  application  and  surface 
preparation  are  being  balanced  against  more  frequent  maintenance  and  considerable 
difficulty  of  inspection. 


Report  on  Assignment  7 

Bibliography   and    Technical    Explanations   of   Various 

Requirements  in  AREA  Specifications  Relating  to 

Iron  and  Steel  Structures 

J.  G.  Clark  (chairman,  subcommittee),  R.  N.  Brodie,  R.  P.  Davis,  C.  D.  Hanover, 
J.  M.  Hayes,  A.  Hedefine,  D.  V.  Messman,  G.  P.  Nagtegaal,  E.  E.  Paul,  H.  Seitz, 
J.  E.  South,  W.  Wilbur,  W.  H.  Jameson. 

Your  committee  has  appointed  a  task  group  to  determine  procedures  for  a  general 
revision  of  Chapter  IS.  It  is  also  anticipated  that  specifications  covering  welded  steel 
railway  bridges  will  be  given  consideration  in  the  near  future.  In  view  of  these  develop- 
ments many  of  the  items  that  would  have  been  considered  in  connection  with  Assign- 
ment 7,  involve  articles  that  are  subject  to  change.  Your  committee,  therefore,  has 
delayed  action  until  such  time  as  the  expected  changes  are  adopted. 


Last  year  your  committee  presented  as  information  a  definition  of  the  basic-oxygen 
steel  making  process.  This  definition,  slightly  modified,  is  the  same  as  the  new  definition 
for  Basic  Oxygen  Steel  Making  presented  in  the  report  of  Committee  4 — Rail.  Your 
committee  has  endorsed,  by  letter  ballot,  the  publication  by  Committee  4  of  the 
definition  in  the  Glossary  of  Manual. 
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Report  on  Assignment   10 

Effect   of   Continuous   Welded    Rail   on   Bridges 

Collaborating  with  the  Special  Committee  on  Continuous  Welded  Rail 

J.  C.  King  (chairman,  subcommittee),  R.  C.  Baker,  R.  T.  Blcwilt,  E.  E.  Burch,  Alfred 
Hedeline,  R.  \V.  Gustafson,  E.  \V.  Kieckcrs,  Kenneth  H.  Lenzen,  D.  V.  Messman, 
D.  L.  Xord,  R.  D.  Nordstrom,  Jimmy  Payne,  W.  E.  Robey. 

This  is  a  progress  report  submitted  as  information. 

Continuous  welded  rail  is  defined  as  rail  welded  into  lengths  in  excess  of  400  ft. 

In  collaboration  with  the  Special  Committee  en  Continuous  Welded  Rail,  your 
committee  has  been  endeavoring  to  develop  specific  recommendations  for  the  use  of 
CWR  on  bridges.  As  far  as  we  are  aware,  very  little  theoretical  work  has  been  done 
in  this  field,  and  since  there  is  a  considerable  divergence  of  opinion  regarding  the  use 
of  CWR  on  bridges,  this  report  is  a  consensus  of  the  practice  of  reporting  North 
.\merican  reads  which  presently  use  CWR. 

It  is  generally  considered  that  the  greater  expense  involved  in  replacing  ties,  either 
as  spot  renewals  or  out-of-face,  is  economically  compensated  for  by  the  savings  in  CWR 
maintenance,  and  that  no  special  provisions  need  be  made  in  the  design  of  a  bridge 
where  CWR  is  to  be  used. 

Ballasted-Deck  Bridges 

Provided  the  ballast  section  on  the  bridge  is  the  equivalent  of  that  on  regular  track, 
the  standard  anchorage  pattern  may  be  used  across  the  bridge,  and  no  special  consid- 
eration need  be  given  to  length  of  string,  location  of  joints  or  method  of  anchorage. 
However,  if  a  joint  occurs  en  a  bridge  with  curvature  exceeding  2  to  3  deg  the  joint 
should   be   relocated,   or  additional   anchors   and/or  additional   ballast  section   provided. 

Open-Deck  Bridges 

No  conventional  joint  should  occur  on  the  bridge,  and  CWR  should  be  box- 
anchored  to  every  tie  for  a  distance  of  120  ties  beyond  the  limits  of  the  bridge.  No 
special  fastenings  are  required  en  the  bridge;  however,  some  roads  dap  all  ties  and 
fasten  every  fourth  tie  to  the  bridge  with  box  anchors  at  these  ties.  Also,  double- 
shoulder  tie  plates  are  recommended.  CWR  should  not  be  laid  on  a  bridge  with  curva- 
ture exceeding  2  deg  nor  on  a  bridge  where  an  individual  span  exceeds  250  ft. 

Further  experience  records,  theoretical  studies,  suggestions  and  recommendations  are 
soHcited. 
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(E)  Member  Emeritus. 
*  Died  September  I,  1963. 

Those    who.se    namei    are    set    in    bold    face    type    constitute    the    Engineering    Division,    WR,    Com- 
mittee 7. 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

No  report,  since  the  only  items  requiring  changes  are  currently  under  study 
by  Subcommittees  2,  3  and  5. 

2.  Grading  rules  and  classification  of  lumber  for  railway  uses,  specifications 
for  structural  timber,  collaborating  with  other  organizations  interested. 
Grading  rules  for  hardwood  structural  timbers  presented  for  adoption  and 
publication  in  the  Manual    page  393 

3.  Specifications  for  design  of  wood  bridges  and  trestles. 

The  present  allowable  horizontal  shear  design  stresses  and  positioning  of 
loads  for  maximum  shear  vazy  require  revision  as  a  result  of  the  repeated 
loading  tests  now  in  progress  (Assignment  7),  and  no  changes  in  the 
specifications  for  design  are  recommended  at  this  time. 

4.  Methods  of  fireproofing  wood  bridges  and  trestles,  including  fire-retardant 
paints,  collaborating  with  Committees  3  and  6. 

Xo  report  due  to  lack  of  funds  for  research, 

5.  Design   of  structural   glued  laminated  wood   bridges  and   trestles. 

No  report.  Progress  is  being  made  on  the  plans  and  tables  for  glued 
laminated  girders  and  trestle  members. 
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6.  Applications  of  s^'nlhctic  resins  and  adhesives  to  wood  bridges  and  trestles, 
collaborating  with  Committees  8  and  IS. 

Progress  report,  presented  as  information    page  395 

7.  Repeated  loading  of  timber  structures. 

Progress  report,  presented  as  information,  including  paper  entitled  "Fatigue 
Resistance  of  Quarter-Scale  Bridge  Stringers  in  Flexure  and  Shear,"  by 
Wayne  C.  Lewis,  Forest  Products  Laboratory,  LT.  S.  Department  of 
Agriculture      page  396 

8.  Protection  of  pile  cut-offs. 

The  committee  is  not  prepared  to  make  a  report  at  this  time. 

10.  Non-destructive  testing  of  wood. 

Progress  report  of  a  laboratory  investigation  on  the  use  of  a  gamma  ray 

device   for  determining  decay  in   timber    page  420 

The  Committee  on  Wood  Bridges  and  Trestles, 

K.   L.   DeBlois,    Chairman. 


AREA   Bulletin    S83,   January    1964. 
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MEMOIR 

^tlliam  B.  i&eenep 

William  D.  "Jack"  Keeney,  retired  district  engineer  for  the  American  Wood  Pre- 
servers Institute,  died  in  Elgin,  111.,  September  1,  1963,  after  a  long  illness.  He  is 
survived  by  his  widow,  a  son,  a  daughter  and  six  grandchildren. 

Mr.  Keeney  was  born  on  December  27,  1889,  at  Halcford,  Va.  He  was  educated 
at  Guilford  College,  the  U.  S.  \aval  Academy  and  the  University  of  Montana.  He 
worked  on  railroad  location,  construction  and  maintenance  in  the  northwest  (4  years 
with  the  Chicago,  Milwaukee,  St.  Paul  &  Pacific  Railroad)  and  with  the  Wyoming 
Highway  Department  before  joining  the  American  Wood  Preservers  Institute  in  1929 
as  bridge  engineer.  Service  Bureau. 

Mr.  Keeney  joined  the  American  Railway  Engineering  Association  in  1933  and 
has  been  a  member  of  Committee  7  continuously  since  1934.  He  worked  diligently  and 
gave  valued  service  for  many  years  on  Committee  7  subcommittees,  having  responsi- 
bility for  timber  specifications  and  plans  for  railway  trestles,  overhead  highway  bridges 
and  all  types  of  timber  construction.  He  also  served  as  the  committee's  collaborating 
member  with  Committee  8 — Masonry,  which  is  responsible  for  specifications  for 
foundation  piling. 

Mr.  Keeney  was  technical  editorial  consultant  for  Wood  Preserving  News  and 
wrote  Engineering  Tips  and  feature  articles  for  this  publication  on  design  and  engineer- 
ing of  various  timber  structures,  including  earth  retaining  walls  and  bridge  substructures. 
He  was  a  member  of  the  American  Society  for  Testing  and  Materials  and  contributed 
to  its  committee  on  wood. 

Mr.  Keeney  leaves  a  host  of  friends,  particularly  throughout  the  railroad  and  wood 
preserving  industries,  who  are  well  acquainted  with  his  sterling  qualities.  The  com- 
mittee will  miss  his  friendship  and  his  sound  knowledge,  judgment  and  counsel. 

K.  L.  DeBlois, 

Chairman 


Report  on  Assignment  2 

Grading  Rules  and  Classification  of  Lumber  for  Railway 
Uses;  Specifications  for  Structural  Timber 

Collaborating   with    Other    Organizations    Interested 

R.  E.  Kuehner  (chairman,  subcommittee),  W.  L.  Anderson,  A.  W.  Carlson,  D.  J.  Engle, 
S.  L.  Goldberg,  W.  C.  Howe,  W.  D.  Keeney,  A.  L.  Leach,  C.  V.  Lund,  T.  K.  Mav, 
W.  H.  Martin.  C.  H.  Xewlin,  W.  H.  O'Brien.  L.  W.  Wood. 

Last  year  your  committee  submitted  as  information  proposed  grading  rules  for 
hardwood  structural  timbers  and  recommended  working  unit  stresses  for  the  grade  in 
three   hardwood   species   groups   for   various  conditions. 

The  proposed  grading  rules  and  recommended  working  stresses  (reprinted  below) 
are  submitted  this  year  with  the  recommendation  that  they  be  adopted  and  published 
as  Manual  material.  The  material  will  also  replace  any  reference  to  NHL.\  Grading 
Rules  in  the  tables  on  Manual  pages  7-1-19,  7-1-20,  and  7-2-7. 

This  action  has  become  necessary  as  a  result  of  the  discontinued  publication  of  the 
National  Hardwood  Lumber  .^s.sociation  Structural  Grading  Rules. 
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GRADING  RULES  FOR  HARDWOOD  STRUCTURAL  TIMBERS 

Hardwood  structural  timbers  shall  comply  with  the  requirements  for  "Select  Car 
Stock — Select  Dimension  or  Common  Dimension"  as  described  on  pages  78  to  80  of  the 
1960  Rules  of  the  National  Hardwood  Lumber  Association,  with  the  followinp;  additional 
requirements: 

Limiting  slope  of  grain  on  any  face,  1  in  8.  The  slope  of  grain  is  measured  over 
a  distance  sufficient  to  define  the  general  slope,  disregarding  local  deviations,  as  around 
knots. 

Knots  in  narrow  faces  or  at  the  edges  of  wide  faces  at  any  point  in  the  length 
of  the  piece  shall  be  limited  to  sizes  of  1  in.  in  pieces  2  or  3  in  thick,  2  in.  in  pieces  4 
or  S  in  thick,  3  in.  in  pieces,  6  or  7  in  thick,  3^  in.  in  pieces  8  to  10  in  thick,  and  4^ 
in.  in  pieces  12  in  or  thicker.  Such  knots  shall  be  measured  and  limited  between  lines 
parallel  to  the  edges  of  the  piece. 

End  shakes  or  season  checks  in  the  center  half  of  the  width  measured  between 
lines  parallel  to  the  wide  faces  shall  not  exceed  two-fifths  the  thickness  of  the  timber 
in  size.  End  splits  in  the  center  half  of  the  width  shall  be  limited  to  an  average  length 
not  exceeding  the  thickness  of  the  timber.  A  combination  of  maximum  shakes,  checks, 
or  splits  in  either  end  of  any  piece  will  not  be  permitted. 

Recommended  Working  Unit  Stresses 


ProperUj 


Long-Time  Loading 


Dry 


Decay 
Hazard 


10-  Year  Loading 


Dry 


Decay 
Hazard 


Black  Gum,  Red  Gum,  Tupelo 

Bending,  tension psi 

Shear psi 

Compression  perpendicular psi 

Compression  parallel psi 

Modulus  of  elasticity 1000  psi 

Red  Oak  and  White  Oak 

Bending,  tension psi 

Shear psi 

Compression  perpendicular psi 

Compression  parallel psi 

Modulus  of  elasticity 1000  psi 

White  Ash 

Bending,  tension psi 

Shear psi 

Compression  perpendicular psi 

Compression  parallel psi 

Modulus  of  elasticity 1000  psi 


850 
100 
330 
600 
1320 


1050 
125 
550 
750 

1650 


1050 
125 
550 
850 

1650 


850 

90 

220 

550 

1200 


1050 
110 
365 
700 

1500 


1050 
110 
365 
750 

1500 


750 

90 

220 

500 

1200 


950 
110 
365 
650 
1500 


750 
110 
365 
650 
1500 


900 
110 
365 
650 
1320 


1150 
140 
605 
800 

1650 


11.50 
140 
605 
900 

1650 


900 
100 
240 
()00 
1200 


1150 
120 
400 
750 

1500 


1150 
120 
400 
800 

1500 


800 
100 
240 
550 
1200 


1050 
120 
400 
700 

1500 


1050 
120 
400 
750 

1500 
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Report  on  Assignment  6 

Applications  of  Synthetic  Resins  and  Adhesives 
to  Wood  Bridges  and  Trestles 

Collaborating  with  Committees  8  and   15 

L.  R.  Kubacki  (chairman,  subcommittee),  R.  E.  Anderson,  C.  E.  Atvvater,  J.  VV.  Brent, 
T.  P.  Burgess,  J.  W.  Chambers,  B.  E.  Daniels,  G.  Gabel,  R.  H.  Hunsinger,  L.  C. 
Jones,  T.  K.  Mays,  C.  A.  Meadows,  F.  E.  Schneider,  D.  V.  Sartore,  D.  L.  Walker. 

Your  committee  presents  the  following  report  as  information. 

Previous  report  on  Assignment  6  were  published  in  Bulletin  562,  January  1961, 
pages  526  to  5.57,  and  Bulletin  573,  September-October  1962,  pages  1-17.  The  uses  for 
synthetic  resins  and  adhesives  covered  in  these  reports  included  construction  and  main- 
tenance applications  for  Committees  8  and  15  as  well  as  Committee  7,  as  the  preliminary 
work  for  all  committees  was  handled  by  Committee  7.  Beginning  with  this  ccming  year. 
Committees  S  and  15  have  included  in  their  organizations  and  activity  programs,  their 
own  assignments  for  this  work  and  will  be  working  independently. 

We  wish  to  emphasize  that  the  material  published  on  this  assignment  in  Bulletins 
562  and  573  is  presented  as  information  and  the  suggested  applications  and  formulations 
may  require  modification  as  further  data  are  developed  in  laboratory  tests  and  field 
applications. 

The  laboratory  and  field  tests  that  have  been  or  are  being  conducted  are  as  follows: 

(1)  At  the  AAR  Research  Center,  standard  acceptance  tests  as  outlined  in  Manual 
Chapter  29  were  performed,  using  epoxy  formulations  for  waterproofing  concrete.  Thir- 
teen different  epoxy  coatings  were  used.  Some  of  the  coatings  were  as  recommended  in 
the  report  published  in  Bulletin  573  and  some  were  formulations  supplied  by  various 
manufacturers.  After  the  waterproofing  tests  had  been  performed,  the  specimens  were 
examined,  and  most  of  the  coatings  appeared  to  be  in  good  condition.  In  order  to  deter- 
mine the  effect  of  weathering  on  the  coatings,  the  specimens  were  placed  on  the  labora- 
tory roof.  During  this  period  of  exposure,  frequent  inspections  will  be  made  and 
photographs  taken. 

(2)  Committee  8,  as  part  of  its  current  report,  is  presenting  further  data  on  its 
study  of  shear  keys.  Epoxy  resin  for  bonding  prestressed  concrete  beams  together  to 
effect  a  load  transfer  between  beams  is  being  used  in  lieu  of  shear  keys  filled  with  grout. 
Repeated-load  tests  have  been  performed  on  beams  so  bonded  for  their  full  depth  and 
for  V:i   of  their  depth. 

(3)  A  study  is  in  progress  using  two  different  epoxy  formulations  for  protecting 
timber  pile  cut-offs  under  repeated  loadings.  A  semi-flexible  membrane  and  a  flexible 
membrane  are  being  tested.  Previous  studies  of  this  appHcation  involved  the  use  of  a 
hard,  impervious,  epoxy  membrane  which   gave  unsatisfactory   results. 

(4)  A  field  inspection  was  made  in  May  1963  on  the  installation  of  a  treated  tim- 
ber crossing  using  an  epoxy  adhesive  in  lieu  of  spiral  dowel  fasteners.  This  installation 
was  made  in  the  summer  of  1961  and  at  the  time  of  the  inspection  the  epoxy  adhesive 
appeared   in   good   condition. 

(4)  A  field  inspection  was  made  in  May  1963  of  an  epoxy  formulation  applied  in 
the  summer  of  1961  on  the  top  flanges  of  beams  in  contact  with  ties,  in  lieu  of  painting. 
One  installation  consisted  of  two  thin  coats  and  the  other,  one  thick  coat.  It  appears 
that  the  two-coat  system  is  inadequate  where  ties  rest  on  steel  and  create  an  abrasive 
action.  The  thicker  coat  appears  to  resist  the  abrasive  action  and  is  holding  up  very  well. 
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(6)  On  January  10,  1962,  36  steel  plates  coated  with  various  formulations  of  epoxy 
resins  were  installed  on  the  Huey  Long  Bridge,  New  Orleans,  La.  An  inspection  of  these 
plates  was  made  and  a  report  will  be  prepared  by  the  AAR  research  staff. 

(7)  The  Research  Council  for  Riveted  and  Bolted  Structural  Joints  is  continuing 
its  investigation  into  the  physical  properties  of  epoxy  adhesives  and  their  application 
in  joints  with  high-strength  bolts. 

(8)  Also,  during  the  past  year,  the  AAR  research  staff  has  as.sistcd  various  railroad^ 
having  special  problems  pertaining  to  the  use  of  epoxy  resin. 


This  concludes  the  report  on  this  assignment  as  a  combined  endeavor  of  Com- 
mittees 7,  8  and  IS.  Future  reports  on  Assignment  6,  Committee  7,  will  be  on  the 
applications  pertaining  to  the  work  of  Committee  7  only. 


Report  on  Assignment  7 

Repeated  Loading  of  Timber  Structures 

C.  V.  Lund  (chairman,  subcommittee),  R.  E.  Anderson,  W.  L.  Anderson,  C.  E.  Atwater, 
A.  W.  Carlson,  B.  E.  Daniels,  D.  J.  Engle,  W.  A.  Genereux,  F.  J.  Hanrahan,  J.  F. 
Holmberg,  W.  C.  Howe,  L.  C.  Jones,  L  R.  Kubacki,  W.  H.  Martin,  T.  K.  May, 
VV.  A.  Oliver,  F.  E.  Schneider,  J.  G.  Shope,  J.  D.  Tapp,  Jr.,  W.  D.  Turner,  L.  W. 
Wood. 

Under  the  sponsorship  of  this  committee,  the  AAR  Research  Center  in  cooperation 
with  the  Forest  Products  Laboratory  at  Madison,  Wis.,  undertook  an  extensive  series 
of  tests  starting  in  1954  to  establish  basic  strength  data  in  repeated  loading  that  could 
serve  as  a  guide  in  the  re-evaluation  of  design  working  stresses.  Currently,  allowable 
stresses  for  timber  stringers  are  based  on  static  tests,  adjusted  for  long-time  duration 
of  loading,  a  condition  of  loading  which  is  not  realistic  for  railroad  bridges.  The  tests 
were  conducted  on  matched,  clear  specimens  of  fir  and  pine,  one-quarter  the  size  of 
typical  stringers,  under  carefully  controlled  laboratory  conditions. 

The  tests  extended  over  a  period  of  years  and  were  completed  in  1961.  The  findings 
are  reported  in  Report  No.  2236  of  the  Forest  Products  Laboratory  titled  "Fatigue 
Resistance  of  Quarter-Scale  Bridge  Stringers  in  Flexure  and  Shear"  by  Wayne  C.  Lewis. 
Repeated  loading  was  carried  to  failure  or  10  million  cycles  of  stress,  and  interpolated 
for  2  million  cycles,  the  design  criterion  for  railroad  bridges. 

The  information  developed  constitutes  a  major  contribution  to  our  knowledge  of 
the  strength  properties  and  behavior  of  wood.  Correlation  of  the  findings  to  tests  on 
full-size  stringers  affords  a  means  for  the  re-evaluation  of  allowable  working  stresses 
that  may  be  used  with  greater  confidence  and  economy. 

Your  committee  is  not  necessarily  in  accord  with  all  conclusions  of  the  author  as 
to  interpretation  of  the  data,  and  will  evaluate  the  report,  together  with  that  from  other 
investigations,   and  present  its  recommendations  at  a  later  date. 

The  report  of  the  Forest  Products  Laboratory  is  presented  herewith.* 


*  The  report  as  presented  here  is  an  abridgement  of  the  complete  report,  to  the  e.xtent  that  it 
includes  only  1  of  the  41  tables,  and  only  4  oi  the  3i  figures  included  in  the  complete  report — the 
text  being  modified  only  to  remove  reference  to  the  missing  tables  and  figures. 

Copies  of  the  complete  report  are  available  from  the  AAR  Research  Center,  3140  South  Federal 
Street,  Chicago  16,  in  the  form  of  ER  Report  39.  Request  for  copies  of  the  report  should  be  addressed 
to  the  attention  of  G.  M.  Magee,  director  of  engineering  research. 
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Fatigue  Resistance  of  Quarter-Scale  Bridge  Stringers 
in  Flexure  and  Shear' 

By  WAYNE  C.  LEWIS 

Engineer,    Forest    Products    Laboratory,-    Forest    Service,    U.    S.    Department    of    Agriculture 

DIGEST 

Research  on  the  behavior  under  repeated  loading  of  about  300  specimens  (2  by  4 
by  43  in,  loaded  at  third  points  of  a  39-in  span)  of  southern  pine  and  Douglas  fir 
included  the  variables  of  green,  air-dry,  and  preservative-treated  wood,  and  straight 
grain  and  1:12  slope  of  grain.  With  air-dry  and  treated  wood,  an  additional  variable 
was  the  use  of  artificial  checks  at  midheight  to  simulate  those  produced  from  drying. 
An  equal  number  of  control  specimens  matched  to  the  fatigue  specimens  were  loaded 
to  failure  statically  to  provide  information  on  the  static  strength  of  each  fatigue 
specimen. 

Fatigue  specimens  were  loaded  repeatedly  at  the  rate  of  500  cycles  per  min  at 
selected  levels  of  stress  until  failure  developed  or  the  specimen  withstood  10  million 
repetitions  of  stress.  The  minimum  repeated  stress  for  each  cycle  was  0.10  of  the 
maximum. 

The  fatigue  strength  for  2  million  cycles  of  stress  was  estimated  for  each  of  th^' 
species  and  the  10  combinations  of  condition,  grain,  and  checking  from  curves  of  stres.s 
to  number  of  cycles  to  failure  (Figs.  1,  2,  3,  and  4)''.  These  values  and  those  from  the 
static   control  tests  are  summarized  in  Table   1.^ 

Analyses  of  the  research  results  indicate  that,  with  the  present  method  of  deriving 
working  stresses  for  timber  (considerations  for  duration  of  load  and  margin  of  safety), 
fatigue  resistance  from  bending  stress  is  probably  adequate  for  timbers  when  green,  air- 
dry,  or  treated,  except  for  those  of  treated  southern  pine.  The  fatigue  strength  value? 
were  sUghtly  below  SO  percent  of  the  static  strength  for  the  treated  southern  pine. 

The  results  from  the  artificially  checked  specimens,  which  fail  in  shear  under 
repeated  loading,  suggest  further  consideration  in  the  method  of  providing  working 
stresses  in  shear  because  of  the  possibility  of  fatigue  failures  from  repeated  stresses.  Such 
failures  are  particularly  possible  with  southern  pine,  as  estimated  fatigue  strength  was 
as  low  as  30  percent  of  static  strength. 

INTRODUCTION 

Approximately  1800  miles  of  short-span  and  multiple  short-span  wood  bridges  and 
trestles  are  located  on  Class  I  Railroads  in  the  United  States.  Practice  varies  in  different 
areas,  but  timber  stringer  bridges  are  used  on  both  main  and  branch  lines.  Stringers 
were  formerly  replaced  at  fairly  frequent  intervals  because  of  decay.  The  present  uni- 
versal practice  of  treating  the.se  timbers  with  preservatives  has  extended  the  life  of  bridge 
stringers.  The  lengthened  service  life  of  the  timbers,  however,  has  raised  questions  about 
the  fatigue  resistance  of  the  stringers,  since  bridges  are  subjected  to  numerous  repetitions 
of  loading. 

Fatigue  in  engineering  materials  is  the  phenomenon  of  failure  due  to  repetitions 
of  stress  of  a  magnitude  less  than  the  static  strength.  Failure  due  to  an  accumulation 


1  In    cooperation    with    the   .\ssociation    of    American    Railroads    under    the   sponsorship   of    Committee 
7 — Wood    Bridges   and   Trestles.    American    Railway   Engineering   Association. 

2  Maintained  at  Madison,  Wis.,  in  cooperation  with  the  University  of  Wisconsn. 
"Figs.  30,   31,  32,   and  33   in  the  original  report. 

*  TMle  41  in  the  original  report. 
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of  loadings  of  vatyinj;  duration  is  different  in  character  and  is  a  separate  consideration. 
In  present  design,  a  factor  is  applied  in  deriving  working  stresses  for  wood  members 
that  are  subjected  to  long  accumulations  of  loadings  during  the  life  of  a  structure.  No 
such  factor  is  applied  for  the  effect  of  fatigue,  nor  is  such  a  factor  considered  necessary, 
since  the  static  strength  of  a  member  is  not  reduced  by  repetitions  of  stress  until  a 
failure  starts.  Unless  the  magnitude  of  repeated  stresses  exceeds  the  fatigue  strength  for 
the  number  of  repetitions  in  service,  there  is  no  reduction  of  the  margin  of  safety. 

Members  of  the  technical  staff  at  the  Association  of  American  Railroads  Research 
Center  estimate  that  the  number  of  repetitions  of  design  load  or  near-design  load  will 
not  exceed  2  million  during  the  life  of  the  structure.  The  important  questions  that  led 
to  the  fatigue  work  reported  herein  are  the  following: 

(1)  If  stringers  in  service  for  30  or  40  years  are  free  of  decay,  should  they  be 
replaced  because  of  possible  fatigue  failures  in  the  future,  or  is  their  fatigue 
resistance  sufficient  to  permit  their  continued  use? 

(2)  If  the  fatigue  strength  of  timber  is  low,  compared  to  the  stresses  in  service, 
what  allowances  should  be  suggested  in  design  to  overcome  the  possibility  of 
fatigue  in  service? 

(3)  How  do  fatigue  failures  develop?  What  inspection  procedures  should  be 
integrated  with  regular  inspections  to  forestall  possible  critical  failures  that 
may  interrupt  service? 

This  information  was  not  available  for  wood  stressed  in  bending  or  for  relatively 
short  beams  with  a  ratio  of  bending  moment  to  shear  force  that  causes  critical  shear 
stresses.  Further,  because  of  the  checking  that  sometimes  occurs  in  drying,  timbers  of 
the  size  used  in  many  bridges  may  fail  in  service  as  the  result  of  shear.  Therefore,  engi- 
neers at  the  Forest  Products  Laboratory  and  the  Subcommittee  on  Repeated  Loading 
of  Committee  7 — Wood  Bridges  and  Trestles,  American  Railway  Engineering  Association, 
developed  a  program  of  testing  quarter-scale  specimens.  It  embodied  these  variables: 
moisture  content  (green  and  air-dry  wood),  straight  grain  and  1:12  slope  of  grain, 
specimens  free  of  checks  and  with  a  V-notch  to  simulate  a  drying  check,  two  species 
(southern  pine  and  Douglas  fir),  and  the  effect  on  strength  of  preservative  treatment 
for  protection  against  decay. 

Green,  air-dry,  and  treated  specimens  were  selected  to  encompass  the  range  of 
moisture  content  and  conditions  encountered  in  service.  Although  the  majority  of  tim- 
bers actually  installed  are  treated,  the  dry  untreated  specimens  were  included  so  that 
any  effects  of  treatment  on  fatigue  behavior  could  be  isolated.  The  variable  of  1:12 
slope  of  grain  was  included  because  that  is  the  maximum  slope  allowed  in  structural 
timbers  used  in  bridge  stringers.  The  artificial  checks  were  included  because  abrupt 
changes  in  cross  section  introduce  stress  concentrations,  which  become  more  critical  under 
repeated  loads  than  under  static  loads.  One-half  the  width  of  the  timber  was  selected 
for  the  total  depth  of  checks,  because  in  cross  sectioning  severely  checked  timbers  of  the 
size  used  in  bridge  stringers,  the  total  depth  of  checks  was  approximately  one-half  the 
total  width  of  the  timbers. 

The  research  evaluation  program  was  supported  jointly  by  the  Association  of  Amer- 
ican Railroads  and  the  Forest  Products  Laboratory.  This  is  the  final  report  on  the 
study .^  It  presents  the  results  of  the  static-control  and  fatigue  study  for  these  kinds  of 
specimens: 

^'  Progress  report  on  tests  of  green  and  air-dry  southern  pine  was  publislied  under  tlie  title,  "Fatigue 
Resistance  of  Quarter-Scale  Bridge  Stringers  of  Green  and  Dry  Southern  Pine,"  in  AREA  Proceedings, 
Vol.    59,    1958. 
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1.  Green,  unchecked  southern  pine  with  straight     grain. 

2.  Green,  unchecked  southern  pine  with  1:12  slope  of  grain. 

3.  Air-dry,  unchecked  southern  pine  with  straight  grain. 

4.  Air-dry,  unchecked  southern  pine  with   1:12  slope  of  grain. 

5.  Treated,  unchecked  southern  pine  with  straight  grain. 

6.  Treated,  unchecked  southern  pine  with   1:12  slope  of  grain. 

7.  Air-dry,  artificially  checked  southern  pine  with  straight  grain. 

8.  Air-dry,  artificially  checked  southern  pine  with   1:12  slope  of  grain. 

9.  Treated,  artificially  checked  southern  pine  with  straight  grain. 

10.  Treated,  artificially  checked  southern  pine  with   1:12   slope   of   grain. 

11.  Green,  unchecked  Douglas  fir  with  straight  grain. 

12.  Green,  unchecked  Douglas  fir  with   1:12  .slope  of  grain. 

13.  Air-dry,  unchecked  Douglas  fir  with  straight  grain. 

14.  Air-dry,  unchecked  Douglas  fir  with   1:12  slope  of  grain. 

15.  Treated,  unchecked  Douglas  fir  with  straight  grain. 

16.  Treated,  unchecked  Douglas  fir  with  1:12  slope  of  grain. 

17.  Air-dry,  artificially  checked  Douglas  fir  with  straight  grain. 

18.  Air-dry,  artificially  checked  Douglas  fir  with   1:12   slope  of  grain. 

19.  Treated,  artificially  checked  Douglas  fir  with  straight  grain. 

20.  Treated,  artificially  checked  Douglas  fir  with  1:12   slope   of  grain. 

PREPARATION  OF  SPECIMENS 

-■Ml  specimens  were  fabricated  in  pairs;  one  of  each  pair  was  used  for  a  static  control 
test  and  the  other  for  a  fatigue  test.  Each  pair  of  specimens  was  longitudinally  matched 
as  exactly  as  possible  for  such  large-size  specimens. 

Material  was  either  from  loblolly  pine  logs  from  eastern  Texas  or  Coast-type 
Douglas-fir  logs  from  Oregon. 

Specimens  were  sawn  from  log  flitches.  Each  specimen  was  identified  and  numbered 
as  to  log  and  position  in  the  log,  in  order  to  make  comparisons  of  the  results  from 
different  types  of  specimens.  Radial  matching,  though  less  desirable  than  longitudinal 
or  tangential  matching  because  different  growth  rings  are  represented  was  used  to 
observe  the  effects  of  the  variables  of  moisture  content,  slope  of  grain,  preservative 
treatment,  and  the  artificial  checks  on  static  and  fatigue  strength. 

A  common  size  for  a  stringer  is  8  by  16  in  by  13  ft,  so  for  this  study  individual 
specimens  were  scaled  down  to  2  by  4  by  39  in.  The  actual  length  of  specimens  was 
43  in,  which  provided  for  a  2 -in  extension  of  each  end  beyond  the  supports  when  the 
specimens  were  tested.  Green  specimens  were  sawed  to  final  dimension  and  maintained 
green  until  te.sted. 

Specimen  to  be  tested  in  the  air-dry  condition  and  those  to  be  treated  before  test 
were  cut  to  a  rough  size  of  approximately  3  by  5  by  48  in  while  green.  Both  kinds  were 
carefully  kiln  dried  to  approximately  12  percent  moisture  content  before  being  cut  to 
final  size.  The  artificial  checks  were  cut  with  a  spindle  router  and  finished  with  a  special 
hand  tool  that  made  the  point  of  the  V-notch  sharp  to  simulate  the  edge  of  a  check 
as  closely  as  possible. 

A  numbering  system  for  the  specimens  was  used  to  identify  each  specimen  as  to 
log  origin,  species,  moisture  content  or  treatment,  as  a  control  or  fatigue  specimen, 
whether  checked  or  unchecked,  and  as  to  location  in  the  log.  During  specimen  prepara- 
tion, pairs  were  matched  as  to  orientation  of  the  annual  rings,  in  order  that  pairs  woulil 
be  loaded  on  matching  faces  in  both  the  control  and  fatigue  tests.  In  the  identification 
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system  used,  the  first  symbol  is  the  log  number;  the  second  is  a  letter,  either  P  for 
southern  pine  or  F  for  Douplas-ilir;  the  third  is  either  D  for  air-dry,  G  for  green,  >r 
T  for  preservative-treated  material ;  the  fourth  is  either  C,  designating  control  specimens, 
or  F,  fatigue  specimens;  and  the  fifth  symbol  is  either  CH  for  checked  specimens  or  [J 
for  unchecked  ones. 

TREATMENT  AND  CONDITIONING 

Material  for  the  specimens  was  separated  into  three  groups,  depending  on  whether 
it  was  to  be  used  green,  air-dry,  or  after  preservative  treatment. 

Green  Specimens 

The  moisture  content  of  the  green  specimens  was  maintained  by  placing  individual 
fatigue  specimens  in  plastic  cocoons  in  a  solution  of  water  and  a  mild  fungicide  to 
prevent  mold  or  other  deterioration  during  storage.  The  static  control  specimens  were 
close  piled  and  covered  with  wetted  cloths  for  the  short  period  between  fabrication 
and  test. 

Air-Dry  Specimens 

The  equilibrium  moisture  content  of  air-dry  wood  is  about  12  percent.  The  material 
was   dried,   conditioned,   stored,   and  tested  at   75   F  and   64   percent   relative  humidity. 

Treated  Specimens 

Since  any  deleterious  effect  on  the  strength  of  wood  due  to  treatment  may  result 
from  the  presence  of  the  preservative  itself  or  from  the  conditions  of  heat  and  pressure 
required  to  force  the  preservative  into  the  wood,  the  quarter-scale  specimens  were 
treated  under  the  same  conditions  as  though  they  were  full-size  timbers,  except  that  the 
wood  was  at  about  12  percent  moisture  content  at  the  start  of  the  treatment.  Reten- 
tions, therefore,  were  greater  than  would  be  normal  for  that  size  of  material. 

The  treating  industry  and  the  railroads  were  surveyed,  and  the  actual  treatments 
selected  were  chosen  as  typical  of  practice  at  the  time  the  specimens  were  treated.  For 
the   southern   pine  specimens,   treatment  involved  the  following  steps: 

1.  Steaming  for  1  hr  to  reach  259  F. 

2.  Continue  steaming  for  an  additional  3  hr. 

3.  Vacuum  of  24  to  28  in  for  2  hr. 

4.  Initial  air  pressure  of  70  psi  for  30  min. 

5.  Coal-tar  creosote  at  175  psi  of  pressure  at  200  F  for  3  hr. 

6.  Final  vacuum  of  24  to  28  in  at  200  F  for  1  hr. 

The  Douglas  fir  was  incised  before  treatment  at  one-fourth  the  spacing  and  about 
one-fourth  the  depth  used  on  full-size  timbers.  The  steps  in  treatment  were  as  follows: 

1.  Boiled  in  coal-tar  creosote  under  a  vacuum  of  24  in  at   190  F  for  S  hr. 

2.  Initial  air  pressure  of  30  psi  for  30  min. 

3.  Creosote  at  200  F  and  100  psi  of  pressure  for   12  hr. 

4.  Final  vacuum  of  24  in  at  200  F  for  1  hr. 

After  treatment,  specimens  were  stored  in  a  covered  shed  for  a  minimum  of  6  weeks; 
excess  creosote  was  then  wiped  off  the  specimen  surfaces  and  the  specimens  were  con- 
ditioned to  constant  weight  at  75  F  and  64  percent  relative  humidity. 
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METHODS  OF  TEST 

Specimens  were  loaded  in  bending  at  the  third  points  while  simply  supported  over 
a  39-in  span.  The  procedure  for  the  control  tests  conformed  to  the  requirements  of 
American  Society  for  Testing  and  Materials  designation  D  198-27."  The  specimens  were 
supported  and  loaded  on  the  2-in  face.  To  conform  to  the  requirement  of  D  198-27,  the 
specimens  were  loaded  at  a  uniform  rate  of  head  travel  of  0.10  in  per  min. 

Maximum  loads  were  obtained  and  ultimate  stresses  were  calculated  with  the  for- 
mula appropriate  for  the  type  of  failure.  The  values  of  modulus  of  rupture  for  failures 


in  bending  were  computed  with  the  conventional  —j—  formula,  which  became 
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where  R  is  the  modulus  of  rupture  or  extreme  fiber  stress  in  pounds  per  square  inch. 
P  is  the  maximum  test  machine  load  in  pounds,  b  is  the  width  of  the  specimen  in  inchc-, 
and  h  is  the  height  of  the  specimen  in  inches. 

The  values  of  unit  shear  stress  for  specimens  that  failed  in  shear  were  calculated 
on  the  basis  of  the  gross  cross  section,  even  though  the  artificial  checks  reduced  the 
effective  area  in  shear  by  a  factor  of  one-half.  This  conforms  to  design  practice  where 
no  reduction  is  made  in  width  for  checking  that  may  occur  in  service.  The  formula  for 
calculating  unit  shear  stress  is: 

0.75  Z' 
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where  5.,,  is  the  shear  stress  on  the  gross  cross  section  in  pounds  per  square  inch,  and  P 
is  the  maximum  test  machine  load  in  pounds. 

The  unit  shear  stresses  based  on  the  net  cross  section  were  approximately  double 
those  calculated  on  the  basis  of  the  gross  section. 

Fatigue  tests  were  made  in  axial  loading  fatigue  machines  adapted  for  bending.  Two 
specimens  were  tested  simultaneously.  The  amplitude  of  the  load  was  measured  by 
measuring  the  deflection  of  the  cantilever  loading  arm,  which  was  calibrated  and  found 
to  be  directly  proportional  to  the  amount  of  the  loading.  Reset  counters  for  each  side 
of  the  machine  counted  the  repetitions  applied  to  each  specimen. 

In  making  each   fatigue  test,   the   following  steps  were   followed: 

1.  With  the  cam  set  at  zero  and  the  static  loading  screw  in  a  lowered  position, 
the  specimen  was  placed  in  position;  a  bridge  with  a  0.0001 -micrometer  dial, 
for  measuring  deflection  of  the  center  of  the  cantilever  loading  arm  with  respect 
to  its  ends,  was  placed  in  position  and  a  zero  reading  taken. 

2.  The  static  loading  screw  was  raised  until  the  cantilever  loading  arm  was 
deflected  by  the  amount  corresponding  to  that  required  for  the  desired  mean 
load. 

?>.  The  cam  was  adjusted  and  slowly  rotated  by  hand  until  the  minimum  and 
maximum  deflections  of  the  cantilever  loading  arm  were  the  desired  amounts. 

4.  The  machine  was  started,  and  after  a  few  hundred  cycles  the  machine  was 
stopped   and  the  loading  adjusted. 

"  .Aniorcaii   Society   for  Testing  and   Materials   method.     ■Static  Test.s  of  Tindjers  in   Structural   Sizes." 


402 Wood    Bridges   and    Trestles 

5.  The  machine  was  restarted,  and  the  electronic  shutoff  mechanism  was  adjusted 
so  that  a  slight  change  in  load  (as  indicated  by  hand  pressure  on  the  cantilever 
loading  arm)  shut  off  the  power  to  the  driving  motor. 

6.  Loading  was  checked  periodically  until   the  test  was  completed. 

In  practice  it  was  found  that  a  logarithmic  schedule  of  monitoring  loads  worked 
well  unless  a  progressive  failure  was  developing.  Loads  were  checked  at  about  1,000, 
10,000,  and  100,000  cycles,  and  daily  thereafter  until  failure  started.  When  any  failure 
developed,  the  electronic  mechanism  stopped  the  machine,  and  it  was  necessary  to  adjust 
the  load.  With  this  procedure,  indications  are  that  loadings  were  within  5  percent  of 
those  desired  at  all  times  during  test. 

Because  of  dynamic  effects  (loading  during  the  actual  running  of  the  machine  was 
greater  than  when  turning  it  over  slowly  by  hand),  it  was  necessary  to  correct  the 
alternating  loads.  This  correction  was  found  to  be  proportional  to  the  ampHtude  of  the 
alternating  load  at  any  speed  of  machine  operation.  At  500  cycles  per  min,  it  amounted 
to  3  percent  for  one  fatigue  machine  used  in  the  program  and  2  percent  for  the  other. 

Specimens  were  loaded  repeatedly  to  a  previously  computed  percentage  of  the 
strength  of  the  matched  control.  Loads  were  repeated  at  the  rate  of  500  cycles  per  min. 
The  green  specimens  were  tested  while  in  the  plastic  cocoons  to  maintain  the  moisture 
content.  The  moisture  content  of  the  air-dry  and  treated  specimens  was  maintained 
because  all  fatigue  tests  were  made  in  a  room  conditioned  and  maintained  at  75  F  and 
64  percent  relative  humidity.  The  tests  were  continued  until  the  specimen  either  failed 
or  had  withstood  10  million  repetitions  of  stress.  The  specimen  was  considered  to  have 
failed  when  a  major  tension  failure  or  shear  failure  developed,  or  when  it  could  no 
longer  sustain  the  maximum  repeated  load  because  of  severe  compression  failures.  The 
end  point  of  the  test  was  selected  as  10  million  cycles,  to  provide  a  margin  beyond  the 
2  million  cycles  estimated  for  the  life  of  a  bridge  stringer.  The  ratio  of  minimum 
repeated  stress  to  maximum  repeated  stress   (stress  ratio)   was  0.10  for  all  tests. 

After  test,  a  moisture  content  coupon  1  in  long  was  cut  from  each  untreated  speci- 
men near  the  point  of  failure.  This  was  weighed,  oven-dried,  weighed  again,  and  the 
moisture  content  calculated.  The  moisture  content  is  expressed  as  a  percentage  of  the 
weight  of  the  oven-dry  wood.  The  specific  gravity  of  each  specimen  was  also  determined 
on  the  basis  of  the  weight  and  volume  of  the  wood  when  oven-dry.  Determination  of 
moisture  content  of  treated  specimens  by  conventional  oven-drying  techniques  is  neither 
accurate  nor  suitable.  For  accurate  determinations  of  treated  specimens,  it  is  necessary 
to  use  extraction  methods  to  remove  the  treating  chemical,  but  electric  resistance  mois- 
ture meters  were  used  to  give  reasonable  approximations.  Further,  because  both  the 
air-dry  and  treated  specimens  were  conditioned  at  the  same  atmospheric  condition 
before  and  during  test,  results  are  comparable  between  the  two  kinds  of  specimens. 

PRESENTATION   AND   DISCUSSION   OF   TEST   RESULTS 

Green  Southern  Pine  Specimens  with  Straight  and  1:12  Slope  of  Grain 

The  test  data  exemplify  the  difficulty  in  obtaining  a  spread  of  values  for  fatigue 
life  (cycles  to  failure)  in  green  material  when  it  is  stressed  in  bending.  It  was  apparent 
during  the  tests  that  unless  repeated  stresses  were  sufficiently  large  to  produce  com- 
pression wrinkles  in  the  fiber,  specimens  did  not  fail  in  10  million  cycles  of  stress.  Com- 
pression failures  that  developed  when  stresses  were  sufficiently  high  became  apparent 
early  and  deepened  as  the  test  progressed.  Tension  failures  developed  only  part  of  the 
time,  even  in  the  specimens  with  the  1:12  slope  of  cross  grain.  In  other  specimens 
either  the  severe,  progressive  compression  was  followed  by  shear,  or  compression  became 


Wood    Bridges   and    Trestles 40^ 

so  severe  that  the  specimens  could  no  longer  sustain  the  maximum  repeated  loads.  Con- 
sequently, about  one-half  of  the  specimens  at  various  loading  levels  sustained  10  million 
cycles   without    failure. 

Examination  of  the  test  data  disclosed  that  failures  in  the  straight-grained  material 
did  not  develop  if  the  maximum  repeated  stresses  were  less  than  about  50  percent  of 
the  static  strength.  The  average  static  strength  of  the  control  specimens  for  the  straight- 
grained  material  was  7450  psi,  so  the  indicated  level  of  stress  below  which  failures 
would  not  be  expected  in  2  million  cycles  in  green,  straight-grained  southern  pine  of  the 
quality  in  this  study  is  about  3700  psi. 

The  corresponding  stress  for  the  green  material  with  1:12  slope  of  grain  was  about 
55  percent  of  the  static  strength.  This  difference  is  logical,  since  modulus  of  rupture 
is  influenced  more  by  slope  of  grain  than  is  compressive  strength.  The  effect  of  slope 
of  grain  on  static  strength  of  wood  is  discussed  in  the  Wood  Handbook."  Data  in  Table 
15  of  that  handbook  indicate  that  the  static  modulus  of  rupture  for  wood  with  a  1:12 
slope  of  grain  is  about  84  percent  of  the  strength  of  straight-grained  material.  The  data 
in  the  Wood  Handbook  also  indicate  that  in  compression  parallel  to  grain,  the  static 
strength  for  wood  with  a  1:12  slope  of  grain  is  about  99.5  percent  that  of  straight- 
grained  wood.  The  control  strength  for  fatigue  tests  on  green  wood  is  based  on  modulus 
of  rupture  but  the  critical  stress,  as  far  as  fatigue  is  concerned,  is  compression;  there- 
fore, it  is  reasonable  to  expect  that  fatigue  strength  values  for  the  specimens  with  1:12 
slope  of  grain  will  be  higher  percentages  of  static  strength  values  than  those  for  straight- 
grained  specimens. 

The  absolute,  or  pound-per-square-inch  values,  of  fatigue  strength  are  essentially 
the  same  for  the  green  material  with  1:12  slope  of  grain  as  for  the  straight-grained 
material.  The  test  data  indicate  that  the  fatigue-strength  value  for  2  million  cycles  of 
stress  is  almost  the  same,  about  3900  (55  percent  of  7020)  psi,  for  material  with  the 
1:12  slope  of  grain  as  for  the  specimens  with  straight  grain.  The  average  static  strength 
of  the  controls  with  1:12  slope  of  grain  was  7020  psi  and  that  of  the  straight-grained 
controls  was  7450  psi.  The  static  strength  of  the  slope-of-grain  specimens  in  this  test 
was  about  94  percent  that  of  the  straight-grained  ones.  This  reduction  is  less  than  those 
indicated  in  Table  IS  of  the  Wood  Handbook,  which  are  based  on  tests  of  dry  rather 
than  green  wood. 

Air-Dry,  Unchecked  Southern  Pine  Specimens 
with  Straight  Grain  or  1:12  Slope  of  Grain 

The  typical  fatigue  failure  in  the  straight-grained  material  was  compression,  fol- 
lowed by  either  simple  or  splintering  tension.  The  fatigue  specimens  with  1:12  slope  of 
grain  failed  in  cross-grain  tension;  there  was  no  visible  evidence  of  compre.ssion.  Both 
types  of  failure  were  similar  in  appearance  to  failures  from  the  static  tests. 

The  test  results  are  more  typical  of  values  usually  obtained  from  fatigue  tests 
than  are  the  results  obtained  with  the  green  material;  that  is,  the  lower  the  repeated 
.stress,  the  greater  the  number  of  cycles  to  failure.  Sloping  lines,  showing  the  approxi- 
mate relation  of  stress  to  number  of  cycles  (S-N  curve)  to  failure,  were  drawn  for 
each  set  of  data.  These  indicate  that  the  fatigue  strength  for  straight-grained  material 
for  2  million  cycles  of  stress  is  about  60  percent  of  the  static  strength,  or  about  8000 
psi  for  material  of  the  same  average  quality  as  that  used  in  these  tests.  For  the  material 
with   1:12   slope  of  grain,  the  corresponding  fatigue  strength  is  estimated  to  be  about 
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50  percent   of   the  static  strength,   or  about   5200  psi   for   material   of  the  quality  and 
density  included  in  this  study. 

Treated,   Unchecked   Southern   Pine   Specimens  with 
Straight  Grain  or  1:12  Slope  of  Grain 

Examination  of  test  results  indicated  that  when  fatigue  life  (cycles  to  failure)  was 
more  than  about  1  million  cycles,  failures  in  fatigue  were  in  horizontal  shear  and  not 
in  bending,  which  was  the  type  of  failure  in  all  but  one  of  the  static  controls. 

This  difference  in  manner  of  failure  makes  analyses  of  fatigue  strength  on  the  basis 
of  bending  stress  less  valid  than  if  static  and  fatigue  failures  were  similar,  because  only 
in  beams  with  equivalent  loading  (third  point)  and  span-to-depth  ratio  is  the  relation 
between  bending  and  shear  stress  the  same.  The  indicated  fatigue  strength  for  2  million 
cycles  for  the  straight-grained  material  is  about  45  percent  of  the  static  bending  strength, 
or  about  5400  psi. 

Because  failures  in  the  region  of  2  milHon  cycles  were  in  horizontal  .shear,  the 
maximum  repeated  shear  stresses  were  calculated  and  plotted  against  the  cycles  to 
failure.  The  fatigue  strength  at  2  million  cycles  of  stress,  in  terms  of  the  shear  stress, 
is  estimated  from  the  plotted  data  to  be  about  425  psi.  Because  failures  in  the  static 
control  tests  of  the  straight-grained  treated  material  were  mainly  in  bending,  and  because 
the  fatigue  failures  were  in  horizontal  shear  when  cycles  of  stress  to  failure  exceeded 
1  million  cycles,  shear  was  more  critical  in  fatigue  than  in  bending,  while  the  opposite 
was  true  in  the  static  tests. 

This  difference  was  not  apparent  when  slope  of  grain  in  the  specimens  was  1:12. 
The  normal  failure  was  in  cross-grained  tension,  with  little  or  no  compression  in  both 
the  static  and  fatigue  tests.  Consequently,  the  plottings  of  the  data  from  the  fatigue 
tests  of  the  sloping  grain  material  are  on  the  same  basis  as  for  the  other  green  and  air-dry 
material,  with  values  of  maximum  repeated  stress  expressed  as  percentages  of  the  static 
control  strength  and  in  pounds  per  square  inch  of  bending  stress.  From  the  plotted  data, 
fatigue  strength  at  2  million  cycles  of  stress  is  estimated  to  be  about  45  percent  of  the 
static  strength  or  about  4100  psi  for  material  of  similar  quality  to  that  used  for  the  tests. 

Air-Dry,  Artificially  Checked  Southern  Pine  Specimens  with 
Straight  Grain  or  1:12  Slope  of  Grain 

The  artificial  checks  were  V-notches  at  midheight  (neutral  axis),  fabricated  to 
simulate  as  closely  as  possible  the  checks  that  occur  in  the  drying  of  large  timbers.  At 
one  end  of  each  specimen,  the  artificial  checks  extended  from  the  end  of  the  beam  to 
a  point  midway  between  the  support  and  the  load  point.  This  was  done  to  simulate 
a  drying  check  that  terminated  in  the  shear  area.  At  the  other  end  of  the  beam,  the 
checks  were  continuous  from  the  load  point  to  the  end  to  simulate  a  check  that  was 
continuous  for  the  full  length  of  the  area  in  shear.  The  straight-grained  control  speci- 
mens and  the  four  controls  with  1:12  slope  of  grain  failed  in  shear  along  the  continuous 
or  long  check,  indicating  that  under  static  loading  a  continuous  check  was  more  severe 
than  a  check  that  terminated  within  the  zone  stressed  in  shear.  The  fatigue  failures 
were  also  along  the  long  check,  showing  that  under  repeated  stress  the  results  were 
the  same. 

In  the  straight-grained  material,  all  of  the  static  and  fatigue  failures  occurred  in 
shear.  In  the  static  tests  of  specimens  with  1:12  slope  of  grain,  four  specimens  failed  in 
shear,  eight  failed  in  cross-grained  tension,  and  four  failed  in  a  combination  of  cross- 
grained  tension  and  shear  so  nearly  simultaneously  that  it  was  impo.ssible  to  tell  which 
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occurred  first.  In  fatigue  tests  of  the  slope  of  grain  specimens,  however,  all  failures 
were  in  shear.  Thus,  it  is  indicated  that  shear  is  a  more  critical  factor  under  repeated 
stress  than  is  the  presence  of  cross  grain  of  a  severity  of  1:12  or  less. 

Values  of  shear  stress  were  calculated  on  the  basis  of  the  gross  cross  section  rather 
than  the  net  cross  section.  This  means  that  the  actual  shear  stresses  were  approximately 
twice  the  values  tabulated,  so  the  practice  corresponds  to  that  used  in  design  of  large 
timbers.  Thus  no  reduction  need  be  made  in  applying  the  values  to  design  practice. 

The  fatigue  strength  of  the  straight-grained,  artificially  checked  southern  pine  for 
2  million  cycles  of  stress  is  about  45  percent  of  the  static  strength.  The  average  static 
shear  strength,  calculated  on  the  basis  of  gross  cross  section,  was  885  psi;  so  on  this 
basis,  the  fatigue  strength  for  2  million  cycles  is  estimated  at  about  390  psi  for  specimens 
of  the  same  average  quality  as  those  included  in  these  tests. 

Because  most  of  the  static  control  tests  of  the  specimens  with  1:12  .slope  of  grain 
failed  in  bending  and  all  of  the  fatigue  specimens  failed  in  shear,  it  was  more  difficult 
to  make  the  same  kind  of  an  analysis  for  these  specimens  as  was  possible  with  those 
with  straight  grain.  The  ultimate  shear  strength  of  the  specimens  that  failed  in  bending 
was  estimated  on  the  basis  of  specific  gravity  and  used  for  computing  the  values  of 
maximum  repeated  stresses  in  the  plotted  percentages  of  control.  On  this  basis,  the 
indicated  fatigue  strength  at  2  million  cycles  for  the  artificially  checked  material  with 
1:12  slope  of  grain  is  about  40  percent  of  the  static  shear  strength,  or  an  average  of 
about  320  psi  computed  on  the  gross  section. 

Treated,  Artifically   Checked  Southern  Pine  with 
Straight  Grain  or   1:12  Slope  of  Grain 

Specimens  were  fabricated  exactly  as  for  the  air-dry  specimens,  except  that  they 
were   given   the   coal-tar-creosote   preservative   treatment   after   fabrication. 

In  the  treated,  straight-grained  controls,  all  specimens  but  one  failed  in  shear. 
Shear  failures  were  along  the  long  checks,  as  were  those  for  the  untreated  specimens 
in  most  instances.  One  specimen  failed  along  the  short  check  and  one  failed  simultane- 
ously along  both  checks.  All  failures  in  fatigue  in  the  straight-grained  material  were  in 
shear  originating  along  the  long  check.  In  the  static  control  specimens  with  sloping 
grain,  failures  were  similar  to  those  for  the  control  tests  of  untreated  material.  Some 
failed  in  bending,  some  failed  in  shear,  and  some  failed  in  a  combination  of  bending 
and  shear.  In  the  fatigue  tests,  however,  failures  were  in  shear,  supporting  the  conclu- 
sion made  on  the  basis  of  the  air-dry  tests  that  shear  is  a  more  critical  factor  under 
repeated  loading  than  the  presence  of  cross  grain  of  a  severity  of  1:12  or  less. 

The  fatigue  strength  for  2  million  cycles  of  the  treated,  straight-grained,  artificially 
checked  southern  pine  is  about  40  percent  of  the  static  strength.  The  average  static 
shear  strength,  calculated  on  the  basis  of  gross  cross  section,  was  690  psi ;  on  this  basis, 
the  fatigue  strength  for  2  million  cycles  is  estimated  at  about  260  psi. 

For  artificially  checked  specimens  with  sloping  grain,  the  fatigue  strength  for  2 
million  cycles  is  estimated  to  be  about  30  percent  of  the  static  strength,  or  about  210  p.si 
for  material  of  quality  equivalent  to  that  u.=ed  in  this  research. 

Green    Douglas-fir   Specimens   with   Straight   and    1:12   Slope   of   Grain 

The  experience  in  the  fatigue  testing  of  the  green  Douglas  fir  was  the  .same  as  that 
for  the  green  southern  pine — unless  the  stresses  repeated  were  sufficiently  large  to  pro- 
duce wrinkling  of  the  extreme  fibers  on  the  compression  face,  no  failure  developed  dur- 
ing 10  million  cycles.  When  failures  did  develop  during  the  repeated  loading,  the  initial 
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failure  was  in  compression,  which  became  progressively  more  severe  as  the  cycles  of 
stress  increased  until  either  a  shear  or  tension  failure  occurred. 

Examination  of  the  tabulated  and  plotted  data  for  the  green,  straight-grained, 
unchecked  Douglas  fir  disclosed  that  if  the  repeated  stresses  were  less  than  60  percent 
of  the  static  strength,  failures  did  not  occur  during  the  10  million  cycles.  On  the  plots 
a  horizontal  line  was  located  at  55  percent  of  the  static  strength  as  an  estimate  of  the 
level  of  repeated  stress  where  no  failure  would  likely  occur  in  2  million  cycles  (fatigue 
strength).  The  average  static  bending  strength  for  the  material  included  in  this  study 
was  6760  psi  so  the  stress  corresponding  to  55  percent  of  the  strength  is  about  3700  psi. 

The  specimens  with  the  1:12  slope  of  grain  behaved  similarly  to  those  with  straight 
grain.  The  level  of  stress  below  which  failures  would  not  occur  appeared  to  be  about 
60  percent  of  the  static  strength,  or  3600  psi.  These  values  are,  therefore,  the  estimates 
of  the  fatigue  strength  for  2  million  cycles  of  stress  for  green  Douglas  fir  with  1:12 
slope  of  grain. 

The  apparently  higher  percentage  value  for  fatigue  resistance  of  Douglas  fir  with 
1:12  slope  of  grain  than  that  of  straight-grained  Douglas  fir  can  be  explained  in  the 
same  way  as  for  the  similar  difference  in  southern  pine,  although  it  should  be  stated 
also  in  this  instance  that  the  estimate  of  stress  below  which  failures  would  not  occur 
might  be  2  or  3  percent  higher  for  the  straight-grained  material  than  the  55  percent 
shown.  With  the  kind  of  failures  experienced  with  fatigue  tests  of  the  green  material, 
estimates  closer  than  5  percent  do  not  seem  warranted. 

Air-Dry,   Unchecked   Douglas-Fir   Specimens  with 
Straight  and  1:12  Slope  of  Grain 

The  results  of  the  fatigue  tests  of  the  air-dry,  straight-grained  Douglas  fir  indicate 
behavior  under  repeated  stress  very  similar  to  that  for  the  corresponding  specimens  of 
southern  pine.  As  the  magnitude  of  the  repeated  stress  decreased,  the  number  of  cycles 
to  failure  increased.  The  location  of  the  S-N  curve  was  estimated,  and  on  this  basis, 
the  fatigue  strength  for  2  million  cycles  is  indicated  to  be  about  60  percent  of  the  static 
strength,  or  about  6300  psi  for  material  of  the  same  quality  as  the  average  included 
in  this  study. 

The  corresponding  results  for  the  air-dry  Douglas  fir  with  1:12  slope  of  grain 
indicate  that  the  fatigue  strength  for  2  million  cycles  for  that  material  may  be  about 
55  percent  of  the  static  modulus  of  rupture,  or  about  4200  psi  for  Douglas  fir  of  the 
average   quality   used  in   this  study. 

Failures  for  normal  specimens  with  straight  grain  were  in  compression,  followed 
by  tension,  both  statically  (control  tests)  and  from  fatigue.  In  a  few  instances,  tht^ 
initial  compression  was  followed  by  shear. 

Failures  in  the  air-dry  specimens  with  1:12  slope  of  grain  were  typically  in  cross- 
grain   tension,  with   no  evidence  of  any  compression. 

Treated,   Unchecked   Douglas  Fir  Specimens  with 
Straight  Grain  or  1:12  Slope  of  Grain 

In  the  fatigue  tests  of  the  treated,  straight-grained,  unchecked  Douglas  fir,  bending 
failures  occurred  only  when  maximum  stresses  repeated  were  large  and  the  fatigue  life, 
therefore,  was  short  (relatively  a  few  cycles  before  failure).  When  the  stress  repeated 
was  such  that  the  specimen  withstood  a  large  number  of  cycles  before  failure,  the 
specimens  failed  in  horizontal  shear  after  initial  compression,  or  in  horizontal  shear 
with  no  evidence  of  compression.  This  experience  is  the  same  as  for  the  tests  of  treated, 
straight-grained,    unchecked    southern    pine,    where    static    failures    were    predominantly 
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due  to  bending  stresses,  and  fatigue  failures  in  the  zone  of  2  million  cycles  vveru 
in  shear. 

On  the  basis  of  bending  stress,  the  estimated  fatigue  strength  for  2  million  cycles 
of  stress  is  about  50  percent  of  the  static  modulus  of  rupture,  or  for  material  of  the 
average  quality  included  in  this  study,  it  is  about  5400  psi.  On  the  basis  of  shear  stress, 
the  fatigue  strength  for  2  million  cycles  is  indicated  to  be  about  400  psi  for  material 
of  the  quality  equivalent  to  that  used  in  the  study. 

The  treated,  unchecked  Douglas  fir  with  a  1:12  slope  of  grain  predominantly  failed 
in  cross-grain  tension  in  both  the  static  control  and  the  fatigue  tests,  as  was  the  experi- 
ence in  tests  of  the  treated,  similar  southern  pine  specimens.  The  values  from  the  fatigue 
tests  indicate  that  the  fatigue  strength  for  2  million  cycles  was  about  55  percent  of  the 
static  strength,  or  about  3900  psi  on  an  average  basis. 

Air-Dry,  Artificially   Checked  Douglas-Fir  Specimens 
with  Straight  Grain  or  1:12  Slope  of  Grain 

The  normal  failures  in  both  the  static  and  fatigue  specimens  were  in  horizontal 
shear  along  the  long  check,  as  was  the  predominant  experience  with  the  corresponding 
specimens  of  southern  pine,  indicating  that  in  Douglas  fir,  also,  the  continuous  check 
was  more  severe  than  a  check  that  terminated  within  the  zone  stressed  in  shear.  The 
fatigue  strength  for  2  million  cycles  for  the  straight-grained  Douglas  fir  is  estimated 
to  be  about  45  percent  of  the  static  strength,  or  about  310  psi  for  material  of  the  same 
average  quality  that  is  included  in  this  study. 

The  static  control  tests  of  specimens  with  a  1:12  slope  of  grain  indicate  that  the 
predominant  static  failure  was  in  horizontal  shear,  although  some  specimens  failed  in 
bending  or  a  combination  of  bending  and  horizontal  shear.  In  the  fatigue  tests,  how- 
ever, all  normal  failures  were  in  horizontal  shear,  as  was  the  experience  with  the  air-dry 
tests  of  southern  pine,  which  supports  the  observation  that  shear  is  a  more  critical 
factor  under  repeated  stress  than  is  the  presence  of  cross  grain  of  a  severity  of  1:12  or 
less.  This  is  substantiated  also  by  the  fatigue  strength  of  both  southern  pine  and  Douglas 
fir.  In  the  unchecked  specimens,  where  fatigue  failures  were  in  bending,  the  values  are 
indicated  between  SO  and  60  percent  of  the  static  strength,  while  for  the  artificially 
checked  specimens,  which  failed  in  shear,  the  corresponding  fatigue  strength  values  were 
indicated  to  be  lower  percentages  of  the  static  shear  strength. 

The  results  of  the  fatigue  tests  of  the  artificially  checked  specimens  with  sloping 
grain  indicate  that  the  fatigue  strength  for  2  million  cycles  was  also  about  45  percent 
of  the  static  shear  strength,  or  about  280  psi  for  material  of  the  quality  included  in 
this  study. 

The  values  for  fatigue  strength  at  2  million  cycles,  of  310  psi  for  the  straight- 
grained  wood  and  280  psi  for  that  with  the  1:12  slope  of  grain,  are  based  on  calcula- 
tions using  the  total  width  of  the  specimen  without  any  reduction  in  width  for  the 
artificial  checks.  Actual  widths  of  the  area  in  shear  were  one-half  the  width,  so  true 
values  would  be  about  twice  those  presented.  This  corresponds  to  common  practice  in 
design  where  no  reduction  in  width  is  made  for  checks  that  develop  in  service. 

Treated,  Artificially  Checked  Douglas  Fir  with 
Straight  Grain  or   1:12  Slope  of  Grain 

All  of  the  treated,  straight-grained,  artificially  checked  specimens,  except  two  tested 
statically  as  controls,  and  all  of  those  loaded  repeatedly  until  fatigue  failures  developed, 
failed  in  horizontal  shear  along  the  long  check.  Similar  specimens  with  a  1:12  slope  of 
grain  usually  failed  in  the  same  manner,  but  there  were  more — two  in  fatigue  and 
several  in  static  tests — where  bending  was  predominant. 
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The  test  results  for  the  fatigue  tests  of  straight-grained,  artificially  checked 
specimens  of  Douglas  fir  indicate  a  fatigue  strength  for  2  million  cycles  of  approxi- 
mately 50  percent  of  the  control  strength,  or  about  270  psi  for  treated  wood  of  the 
quality  used  in  the  study.  When  the  slope  of  grain  was  1:12  instead  of  straight,  the 
fatigue  strength  for  the  treated,  artificially  checked  wood  was  indicated  to  be  about 
45  percent  of  the  static  strength,  or  about  240  psi  in  shear,  calculated  on  the  gross 
width  of  the  section  with  no  reduction  in  width  for  the  artificial  checks  that  reduced 
the  width  by  one-half. 

As  discussed  before,  in  presenting  results  of  this  research,  where  shear  was  critical 
in  the  artificially  checked  specimens,  the  practice  was  adopted  of  making  calculations 
on  gross  rather  than  actual  width,  .so  that  values  would  correspond  more  closely  with 
actual  design  practices. 

COMPARISONS   OF    STATIC   AND   FATIGUE   STRENGTHS   OF   GREEN, 
DRY,  AND  TREATED  SPECIMENS 

The  data  on  static  strength  and  fatigue  behavior  presented  and  discussed  in  previous 
sections  are  summarized  in  Table  1.  This  condition  is  also  true  of  the  values  for  the 
estimated  fatigue  strength  at  2  million  cycles  in  pounds  per  square  inch  in  Col.  8, 
where  failures  were  due  to  bending  forces,  and  in  Col.  11,  where  failures  were  in  shear. 
Values  presented  are  useful  for  comparisons  within  a  species,  but  should  not  be  used 
for  direct  comparisons  between  species  unless  specific  gravity  differences  are  also 
recognized. 

The  estimated  S-N  curves  (stress-number  of  cycles  to  failure)  are  combined  for 
the  unchecked  southern  pine  in  Figs.  1  and  2  (top)  and  for  the  unchecked  Douglas  fir 
(bottom).  In  F'ig.  1  the  maximum  repeated  stresses  (ordinates)  are  in  percentages  of 
static  strength,  and  in  Fig.  2  they  are  on  a  pounds-per-square-inch  basis.  Figs.  3  and  4 
present  similar  S-N  curves  for  the  artificially  checked  specimens. 

The  conditions  of  treatment  for  the  southern  pine  and  Douglas  fir  apparently  had 
some  effect  in  reducing  static  strength  also.  Static  bending  strength  of  the  treated 
southern  pine  was  about  9  percent  lower  for  the  straight-grained  specimens  and  about 
IS  percent  for  those  with  a  1:12  slope  of  grain  (Col.  6,  Table  1).  Shear  values  were 
about  22  percent  less  (Col.  9).  The  reductions  in  static  strength  due  to  treatment  of 
the  Douglas  fir  were  not  so  large.  Bending  strength  values  were  reduced  about  5  percent 
and  those  for  shear  about  22  percent  on  the  average.  The  number  of  tests  is  too  small 
to  definitely  establish  the  amounts  of  these  reductions,  but  they  do  suggest  further  study 
of  the  effect  of   treatment  on  strength. 

Green  Southern  Pine  and  Douglas  Fir 

No  material  difference  was  observed  in  the  behavior  of  the  green  southern  pine  and 
Douglas  fir  specimens  under  fatigue  loading.  Because  of  the  phenomenon  of  progressive 
compression  when  failures  developed,  any  estimation  of  fatigue  strength  was  difficult. 
The  differences  of  about  5  percent  of  fatigue  strength  shown  in  Table  1  cannot  be 
considered  significant.  Failures  were  substantially  the  same. 

Air-Dry  and  Treated,   Unchecked  Southern  Pine  and  Douglas  Fir 

Examination  of  the  curves  of  Fig.  1  and  the  values  for  the  unchecked  specimens 
in  Table  1  for  the  southern  pine  reveals  that  the  fatigue  strength  for  the  treated,  straight- 
grained  material  was  lower  on  a  percent-of-control  basis  than  that  for  untreated  south- 
ern pine  or  treated  material  with  1:12  slope  of  grain.  In  the  Douglas  fir  there  was  a 
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difference  in  the  fatigue  strength  at  2  million  cycles  on  a  percentage  basis  also,  but  it 
was  not  so  large  as  for  the  southern  pine.  Values  for  the  straight-grained,  untreated 
southern  pine  and  Douglas  fir  were  estimated  at  60  percent ;  for  the  treated,  straight- 
grained  southern  pine,  it  was  estimated  to  be  about  45  percent,  and  for  the  equivalent 
Douglas  fir  it  was  estimated  at  about  50  percent  of  the  static  strength. 

The  lower  fatigue  strength  of  both  species  for  the  straight-grained,  treated  material 
is  substantiated  by  the  fact  that  actual  failures  were  in  shear  in  fatigue  and  in  bending 
statically,  inchcating  that  something  occurred  during  the  treating  process  that  reduced 
the  shear  resistance  in  fatigue  as  compared  to  static  loading. 

There  were  no  substantial  differences  in  the  locations  of  the  S-N  curves  of  the 
unchecked  specimens  with  1:12  slope  of  grain  for  either  species.  Fatigue  strength  esti- 
mations for  2  million  cycles  of  stress  ranged  from  45  to  55  percent  of  the  static  strength, 
indicating  that  fatigue  behavior  would  be  similar  whether  the  material  was  treated  or 
not,  provided  adjustments  were  made  in  design  stress  for  any  effects  of  treatment  on 
static  strength. 

There  was  an  apparent  reduction  in  static  strength  for  both  the  straight-grained 
and  sloping-grained  unchecked  southern  pine  (Col.  6,  Table  1)  when  treated,  and  it  is 
possibly  explained  by  the  severity  of  steaming  exposure  for  the  southern  pine  during 
treatment.  Similar  differences  have  been  observed  in  studies  of  the  strengths  of 
treated  poles.® 

These  differences  account  for  the  lower  position  of  the  curve  in  Fig.  2  (top)  for 
treated  southern  pine  with  a  1:12  slope  of  grain  as  compared  to  its  untreated  equivalent, 
and  for  the  much  lower  position  of  the  curve  for  treated,  straight-grained  material 
than  that  indicated  by  the  differences  in  fatigue  strength  on  a  percentage  basis.  There 
was  no  such  difference  for  the  Douglas  fir,  as  is  shown  by  Fig.  2  (bottom),  but  the 
conditions  of  treatment  were  milder  and  probably  the  effect  of  treatment  was  not 
so  great. 

Because  of  the  fatigue  failures  in  shear  in  the  treated,  straight-grained  specimens 
of  both  species,  fatigue  strength  at  2  million  cycles  was  calculated  on  the  basis  of  shear 
stress  on  the  measured  width  and  presented  in  Col.  11  of  Table  1.  While  these  values 
are  presented  on  a  pound-per-square-inch  basis,  values  should  only  be  considered  as 
relative  to  material  of  equivalent  specific  gravity  to  that  included  in  the  study.  Again, 
the  density  of  the  Douglas  fir  used  was  less  than  that  for  the  southern  pine,  and  lower 
values  are  expected  for  that  reason.  That  both  values,  425  and  400  psi  for  the  southern 
pine  and  Douglas  fir,  respectively,  were  substantially  greater  than  design  stresses  in 
shear  indicates  a  comfortable  margin  in  service  between  actual  stresses  in  shear  and 
those  which  would  produce  fatigue   failures  in  service. 

The  reason  for  fatigue  failures  in  shear  in  the  straight-grained  Douglas  fir  and 
southern  pine,  when  stresses  were  low  enough  so  that  a  large  number  of  cycles  were 
sustained  before  failure,  is  largely  one  of  conjecture.  Minor  checking  was  observed  after 
treatment,  and  it  is  reasonable  to  a.sume  that  if  some  checking  was  visible,  other 
invisible  strains  and  damage  created  internal  stresses  that  reduced  the  fatigue  resistance 
in  shear.  These  same  internal  stresses  were  not  so  critical  in  the  slope-of-grain  specimens, 
because  principal  failures  were  in  cross-grain  tension. 


*Wood,  L.  W..  et.  al.,  Strength  and  Related  Properties  of  Wood  Poles,  .^STM  Wood  Pole  Research 
Program,   Final   Report,   Sept.    1960. 
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Air-Dry  and  Treated,  Artificially  Checked  Southern  Pine  and  Douglas  Fir 

Examination  of  the  values  for  static  shear  strength  (Col.  9,  Table  1)  of  the  arti- 
ficially checked  specimens  with  the  notches,  which  reduce  the  width  in  shear  by  one- 
half  to  simulate  drying  checks,  shows  that  in  each  instance  the  average  shear  strength 
values  of  the  treated  specimens  were  materially  lower  than  the  corresponding  values 
for  untreated  material.  The  static  strength  of  the  treated  southern  pine  specimens  was 
apparently  reduced  about  22  percent  by  the  treatment,  and  the  Douglas  fir  from  IS  to 
19  percent.  This  difference  between  species  is  probably  reasonable  because  of  different 
treatment  conditions. 

The  values  for  fatigue  strength  at  2  million  cycles  based  on  a  percentage  of  static 
strength  (Col.  10,  Table  1,  and  Fig.  4)  indicate  that  there  was  no  material  difference 
in  the  fatigue  behavior  of  Douglas  fir  in  shear,  whether  the  material  was  treated  or  not. 
Because  values  of  fatigue  strength  were  about  the  same  percentages  of  static  strength 
for  these  two  variables,  it  is  reasonable  to  conclude  that,  if  any  necessary  reductions 
in  the  static  strength  for  treatment  are  made,  no  additional  reduction  is  necessary  for 
considerations  of  repeated  loading. 

In  the  southern  pine,  fatigue  strength  apparently  was  definitely  lower  for  the  treated 
material  than  for  the  untreated  material  for  wood  with  both  straight  grain  and  1:12 
slope  of  grain;  this  suggests  that  the  fatigue  resistance  of  the  treated  wood  was  propor- 
tionately lower  than  that  for  the  untreated  wood. 

Values  of  fatigue  strength  on  the  pound-per-square-inch  basis  (Col.  11,  Table  I 
and  the  curves  of  Fig.  4)  show  the  cumulative  effects  of  reduced  static  strength  and 
lower  percentage  fatigue  resistance  for  the  southern  pine  and  the  much  closer  grouping 
of  values  for  the  Douglas  fir. 

ANALYSIS  OF  RESULTS  IN  TERMS  OF  DESIGN  PRACTICE 

No  data  are  available  by  which  the  results  of  small  tests,  such  as  those  of  the 
quarter-scale  bridge  stringers  herein  reported,  can  be  directly  applied  to  full-size  timbers 
used  in  structures,  with  full  confidence  of  their  applicability.  Some  difficulty  always 
exists  in  transferring  results  from  a  study  of  small  tests  to  large  full-size  members. 
A  research  program  on  full-size  members  with  the  variables  controlled  as  they  were  in 
this  study,  however,  is  impractical  if  not  impossible,  because  of  the  difficulty  in  obtain- 
ing large  members  matched  to  each  other  so  that  pairs  of  specimens  could  be  tested, 
one  statically  and  one  in  fatigue. 

The  data  obtained  from  such  a  study  as  this  are  valuable,  however,  in  appraising 
the  possibilities  of  fatigue  failures  in  service.  In  any  structural  part  that  undergoes  a 
large  number  of  repetitions  of  stress,  such  as  is  possible  in  a  railroad  bridge  stringer, 
the  important  consideration  is:  are  the  stresses  which  are  repeated  in  service  below 
those  that  will  cause  either  failure  of  that  part  of  the  structure  or  excessive  maintenance 
from  fatigue  produced  by  repetitions  of  stress? 

In  arriving  at  working  stresses  for  normal  loading  of  timber  structures,  factors  for 
(1)  variability,  (2)  duration  of  load,  (3)  a  combination  of  other  intangibles,  and 
(4)  the  strength  ratio  based  on  the  maximum  defect  permitted  in  a  certain  stress  grade 
are  applied  to  the  strength  of  clear  wood.  A  working  stress  derived  in  this  way  gives 
a  near  minimum  factor  of  safety  of  1^4  to  1^,  with  an  average  more  nearly  equal 
to  2  to  21/^.®  If  the  factor  for  duration  of  stress  of  ^A  is  combined  with  the  near  mini- 


*  Wood,  L.  W.,  Safety  Factor  in  Design  of  Timber  Structures,  American  Society  of  Civil  Engineers, 
Proceedings,  Vol.  84,  ST  7,   1958. 
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mum  factor  of  safety  of  154-  the  combined  factor  is  0.50.'"  This  value  can  then  be 
compared  directly  to  the  various  values  for  fatigue  strength  for  2  million  cycles  on  a 
percentage  basis  in  Cols.  7  and  10  of  Table  1. 

Of  the  unchecked  specimens,  green,  dry,  or  treated  of  either  species,  only  the  treated 
southern  pine  did  not  have  a  fatigue  strength  of  SO  percent  or  greater,  indicating  that 
except  for  treated,  unchecked  southern  pine,  the  reductions  made  in  arriving  at  working 
stresses  were  probably  adequate  from  the  standpoint  of  members  withstanding  the 
repeated  loads  expected  in  service. 

The  artificially  checked  tests  indicate  a  greater  possibility  for  fatigue  failures  to 
develop  in  service.  The  fatigue-strength  values  of  the  artificially  checked  southern  pine 
with  straight  and  sloping  grain  were  found  to  be  substantially  less  than  50  percent  of 
the  static  strength,  while  those  for  the  Douglas  fir  were  generally  slightly  less  than 
50  percent.  Those  results  indicate  that  possible  revision  of  working  stresses  in  shear 
may  be  desirable  to  provide  a  margin  against  possible  fatigue  failure  in  service  for 
bridge  stringers. 

The  previous  analyses  do  not  take  into  account  any  reduction  in  static  strength 
for  treatment,  such  as  was  indicated  for  all  of  the  southern  pine  and  for  the  artificially 
checked  Douglas  fir.  If  there  is  such  an  effect  of  treatment,  it  should  be  established 
and  the  necessary  reductions  in  static  working  stress  made.  Some  of  the  reduction  in 
static  shear  strength  due  to  treatment  may  have  been  the  results  of  further  checking 
along  the  line  of  the  artificial  check.  The  original  assumption  for  this  study  was  that 
checking  in  service  in  big  timbers  could  reduce  the  cross  section  by  as  much  as  one-half. 
If  the  total  cross  section  damage  from  both  drying  and  treatment  is  no  more  than  that 
amount,  the  above  consideration  for  reductions  in  static  shear  strength  due  to  treatment 
is  conservative. 

Examination  of  the  values  for  fatigue  strength  in  pounds  per  square  inch  for  the 
different  kinds  of  material  and  specimens  discloses  a  comfortable  margin  between  the 
values  of  fatigue  strength  and  working  stresses  usually  used  in  design.  These  are,  how- 
ever, average  values  for  average  material  and  arc  not  representative  of  the  minimum 
quality  possible  in  a  structure. 

The  fatigue  strength  of  an  assembly  or  material  is  influenced  by  the  difference 
between  the  maximum  and  minimum  loads  for  each  cycle  (repeated  stress  amplitude). 
The  greater  this  amplitude,  the  lower  is  the  fatigue  strength  for  any  specific  number 
of  cycles.  The  amplitude  of  the  repeated  stress  is  usually  indicated  by  the  stress  ratio, 
the  ratio  of  minimum  to  maximum  repeated  stress.  Stress  ratio  for  this  research  was 
0.10,  which  in  effect  implied  that  the  dead  load  was  equal  to  one-tenth  of  the  "live 
plus  the  dead  load,"  a  reasonable  assumption  for  short-span  structures  with  timber 
stringers.  If  the  actual  amplitude  of  the  repeated  stress  in  service  was  a  smaller  per- 
centage of  the  maximum  (stress  ratio  more  than  0.10),  fatigue  strength  obtained  would 
be  a  higher  percentage  of  the  static  strength  than  reported  here. 

SUMMARY  AND  CONCLUSIONS 

Definite  conclusions  based  on  approximately  15  evaluations  of  each  variable  are 
difficult  for  a  property,  such  as  fatigue,  where  there  is  an  inherent  scatter  of  values 
from  test,  added  to  the  difficulty  produced  by  the  variability  of  wood  itself.  The  inter- 
relations of  the  different  variables,  however,  support  each  other,  and  it  is  believed  that 
the  following  conclusions  are  warranted: 


'"Lewis,    Wayne    C,    Design    Con.^iderations    for    Fatigue    in    Timber    Structures,    American    Society 
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1.  Fatigue   Resistance — Green,   Unchecked  Specimens 

Green,  unchecked  southern  pine  and  Douglas  fir,  whether  straight-grained  or  with 
a  1:12  slope  of  grain,  did  not  fail  in  fatigue  in  10  million  cycles  if  maximum  repeated 
stresses  were  not  high  enough  to  produce  wrinkling  of  the  compression  face.  When 
failures  did  develop,  compression  failures  became  apparent  early  in  test  and  became 
progressively  worse,  with  final  failure  in  horizontal  shear  originating  at  the  bottom  of 
the  compression  failure  or  in  tension.  The  levels  of  stress  below  which  no  failures 
developed  in  2  million  cycles  were  about  50  percent  of  the  flexural  strength  for  straight- 
grained  southern  pine,  55  percent  for  southern  pine  with  1:12  slope  of  grain  and  straight- 
grained  Douglas  fir,  and  60  percent  of  the  static  strength  of  the  Douglas  fir  with  1:12 
slope  of  grain. 

2.  Fatigue    Resistance — Air-Dry,    Unchecked    Specimens 

Southern  pine  and  Douglas  fir  that  were  air-dry,  unchecked,  and  with  straight  grain 
or  1:12  slope  of  grain  developed  fatigue  failures  as  was  expected  for  fatigue  tests — the 
lower  the  level  of  the  maximum  repeated  stress,  the  greater  the  number  of  cycles  to 
failure.  Fatigue  failures  in  the  straight-grained  material  were  usually  in  compression 
followed  by  tension.  Those  for  the  material  with  1:12  slope  of  grain  were  usually  in 
cross-grain  tension  with  no  evidence  of  compression.  Fatigue  strength  values  for  2  million 
cycles  of  stress  were  estimated  to  be  the  following  percentages  of  the  static  strength 
in  flexure: 


Southern  pine  with  straight  grain,  60  percent. 
Southern  pine  with  1:12  slope  of  grain,  50  percent. 
Douglas  fir  with  straight  grain,  60  percent. 
Douglas  fir  with  1:12  slope  of  grain,  55  percent. 


3.  Fatigue    Resistance — Treated,    Unchecked    Specimens 

Treated,  unchecked,  straight-grained  southern  pine  and  Douglas  fir  developed  hori- 
zontal shear  failures  in  fatigue  when  the  number  of  cycles  of  stress  before  failure  was 
about  1  million  or  more.  As  a  consequence,  fatigue  strength  values  were  lower  per- 
centages of  the  static  flexural  strength  for  the  treated  specimens  (the  static  control 
specimens  failed  in  bending)  than  for  the  untreated  specimens — 45  percent  for  southern 
pine  and  50  percent  for  Douglas  fir. 

The  treated  specimens  of  both  species  with  1:12  slope  of  grain  failed  in  fatigue 
in  cross-grain  tension,  with  indicated  fatigue  strength  for  2  million  cycles  of  45  percent 
of  the  static  flexural  strength  for  southern  pine  and  55  percent  of  the  static  flexural 
strength  for  Douglas  fir. 

4.  Fatigue    Resistance — Air-Dry,   Artificially   Checked   Specimens 

Air-dry,  artificially  checked  specimens  with  straight  grain  or  1:12  slope  of  grain 
failed  in  fatigue  in  horizontal  shear  along  the  V-notches,  cut  parallel  to  the  axis  of  the 
beam  to  simulate  a  drying  check  at  midheight,  that  reduced  the  total  width  by  one-half. 
Failures  were  predominantly  along  the  checks  that  extended  from  load  point  to  support, 
rather  than  along  the  shorter  check  that  originated  halfway  between  the  load  point 
and  support,  indicating  that  the  continuous  check  was  more  severe  than  the  other  one. 
Fatigue  strength  for  2  million  cycles  was  estimated  at  45  percent  of  the  static  shear 
strength  for  the  straight-grained  southern  pine,  40  percent  of  the  static  shear  strength 
for  the  southern  pine  with  1:12  slope  of  grain,  and  45  percent  of  the  static  shear  strength 
for  Douglas  fir  with  straight  or  sloping  grain. 
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5.  Fatigue    Resistance — Treated,   Artificially    Checked   Specimens 

The  treated,  artificially  checked  specimens  with  straight  or  sloping  grain  of  both 
species  developed  fatigue  failures  under  repeated  loading  in  the  same  manner  as  did  the 
air-dry  specimens.  The  percentages  of  matched  shear  strength  estimated  to  represent 
fatigue  strength  at  2  million  cycles  were: 

Southern  pine  with  straight  grain,  40  percent. 
Southern  pine  with  sloping  grain,  ,?0  percent. 
Douglas  fir  with  straight  grain,  50  percent. 
Douglas  fir  with  sloping  grain,  45  percent. 

6.  Species   Effect — Green   Material 

Comparisons  of  the  fatigue  strength  of  the  green,  unchecked  southern  pine  and 
Douglas  fir  indicate  no  significant  differences  in  fatigue  behavior  between  species. 

7.  Species    Effect — Straight-Grained,    Unchecked,    Treated   Vs.   Air-Dry 

Comparisons  between  the  results  of  the  tests  for  air-dry  and  the  treated  unchecked 
specimens  indicate  that  the  fatigue  strength  at  2  million  cycles  for  the  treated,  straight- 
grained  southern  pine  was  substantially  lower,  based  on  a  percentage  of  static  strength, 
than  that  for  the  untreated,  equivalent  air-dry  material.  There  was  a  similar,  but  not 
so  large,  difference  between  treated  and  untreated  straight-grained  Douglas  fir.  This  lower 
fatigue  resistance  for  treated,  straight-grained  material  suggests  that  the  conditions  of 
treatment  reduce  the  resistance  to  fatigue  in  addition  to  any  reduction  in  static  strength. 

8.  Treatment  Effect — 1:12  Slope  of  Grain,  Unchecked 

The  fatigue  tests  of  unchecked  specimens  with  1:12  slope  of  grain  showed  slight 
or  no  difference  between  treated  and  untreated  material.  Fatigue  strength  values  were 
not  substantially  different  when  comparisons  were  based  on  percentages  of  static 
strength.  There  were  differences  between  the  static  strength  of  the  treated  and  air-dry 
southern  pine  with  sloping  grain  that  made  the  fatigue  strength  lower  for  the  treated 
material  when  compared  on  the  basis  of  pounds  per  square  inch. 

9.  Treatment  Effect — Artificially  Checked 

There  was  no  material  difference  in  the  fatigue  behavior  of  Douglas  fir  in  shear 
(artificially  checked  specimens),  whether  the  material  was  treated  or  not.  Values  for 
fatigue  strength  were  about  the  same  percentages  of  the  static  strength  for  both  straight- 
and  sloping-grained  specimens,  regardless  of  whether  or  not  they  were  treated.  In  south- 
ern pine  the  fatigue  strength  values  were  a  lower  percentage  of  the  static  strength 
when  specimens  were  treated  than  when  they  were  not,  which  suggests  that  the  condi- 
tions of  treatment  reduced  the  fatigue  resistance  of  the  southern  pine  somewhat  over 
the  reduction  in  static  strength. 

10.  Effect  of  Treatment  on  Static  Strength  in  Bending  and  Shear 

The  conditioning  and  treatment  for  the  southern  pine  and  Douglas  fir  apparently 
had  some  effect  in  reducing  static  strength.  Static  bending  strength  of  the  treated  south- 
ern pine  was  9  to  15  percent  less  than  that  of  corresponding  untreated  material.  Shear 
strength  (artificially  checked  specimens)  was  about  22  percent  less.  Bending  strength 
of  the  Douglas  fir  was  not  reduced  so  much — about  5  percent — and  shear  strength  was 
reduced  about  17  percent  on  the  average.  These  reductions  were  not  considered  in 
previous  conclu.sions  because  all  comparisons  were  based  on  percentages  of  static 
strength. 
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11.  Fatigue  Resistance  in  Terms  of  Present  Design 

The  results  of  the  fatigue-test  research  program  indicate  that  with  present  methods 
of  deriving  working  stresses  for  timber,  the  fatigue  strength  for  2  million  repetitions 
of  stress  in  flexure  is  probably  adequate  for  all  unchecked  material,  except  treated  south- 
ern pine,  providing  proper  reductions  are  made  in  deriving  working  stresses  for  reduc- 
tions in  static  strength  due  to  treatment,  and  slope  of  grain  does  not  exceed  1:12.  The 
flexural  fatigue  resistance  of  the  treated  southern  pine  was  less  than  the  factor  of  0.50. 

All  the  estimated  fatigue-strength  values  for  shear  in  the  artificially  checked  speci- 
mens of  southern  pine  were  less  than  50  percent  of  the  static  strength  and  the  cor- 
responding values  for  Douglas  fir  were  SO  percent  of  the  static  strength  or  slightly  less. 
This  suggests  that  a  reduction  of  shear  design  stresses  should  be  considered  in  some 
instances  where  fatigue  is  important.  However,  such  consideration  should  include  also 
experience  with  fatigue  failures  in  service,  possible  distribution  of  loads  among  stringers, 
and  the  possibility  that  design  loads  may  be  conservative  in  terms  of  actual  forces 
transmitted  to   the  structures. 

12.  Limitation  of  Results  on  a  Pounds-Per-Square-Inch  Basis 

Analyses  of  the  results  of  fatigue  strength  for  2  million  cycles  of  stress  in  pounds 
per  square  inch  are  only  indicative  of  average  values  for  material  of  the  same  density 
as  included  in  this  study  and  cannot  be  used  to  determine  the  margin  of  fatigue 
resistance  for  material  of  the  lowest  quality  permitted  in  either  species. 
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Fig.    1 — Approximate    S-N  curves    for   unchecked,    quarter-scale   bridge 

stringers — top,    southern    pine;  bottom,    Douglas    fir.    Values    of    maximum 

repeated    stress    are    expressed  as    percentages    of    static    bending    strength. 
Stress  ratio  0.10. 
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Fig.  2 — Approximate  S-N  curves  for  unchecked,  quarter-scale  bridge 
stringers — top,  southern  pine;  bottom,  Douglas  fir.  Values  of  maximum 
repeated  bending  stress  are  in  pounds  per  square  inch.  Stress  ratio,  0.10. 
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Fig.  3 — Approximate  S-N  curves  for  artificially  checked,  quarter-scale 
bridge  stringers — top,  southern  pine;  bottom,  Douglas  fir.  Values  of  max- 
imum repeated  stress  are  expressed  as  percentages  of  the  static  shear 
strength.  Stress  ratio  0.10. 
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Fig.  4 — Approximate  S-N  curves  for  artificially  checked,  quarter-scale 
bridge  stringers — top,  southern  pine;  bottom,  Douglas  fir.  Values  of  maxi- 
mum repeated  shear  stress  are  in  pounds  per  square  inch,  calculated  on  the 
basis  of  the  gross  width  with  no  reduction  in  width  for  notches,  so  actual 
stresses  were  about  twice  those  shown.  Stress  ratio  0.10. 
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Report  on  Assignment  10 

Non-Destructive   Testing   of   Wood 

J.  D.  Tapp,  Jr.  (chairman,  subcommittee),  W.  L.  Anderson,  C.  E.  Atwater,  E.  L.  Bangs, 
G.  Gabel,  Jr.,  W.  A.  Genereux,  R.  W.  Guntiier,  F.  J.  Hanrahan,  M.  Jarrell,  L.  R. 
•    Kubacki,  R.  E.  Kuehner,  A.  L.  Leach,  C.  V.  Lund,  W.  B.  Mackenzie,  W.  H.  Martin, 
E.  A.  Matney,  C.  H.  Newlin,  D.  V.  Sartore,  W.  A.  Thompson,  Jr. 

Your  committee  presents  below,  as  information,  a  report  prepared  by  the  AAR 
research  staff  pertaining  to  a  laboratory  investigation  of  a  nuclear  device  to  determine 
its  ability  to  detect  voids  in  large  structural  timbers.  It  was  the  original  intention  to 
include  in  the  test  program  a  field  investigation  of  the  device  also,  and  a  timber  trestle 
in  which  decay  and  voids  were  suspected  had  been  selected  for  the  test.  But  the  com- 
pany which  manufactured  the  nuclear  device  is  no  longer  in  business,  so  it  appears 
that  the  field  investigation  phase  of  the  program  will  have  to  be  deferred. 


Determining  Amount  of  Decay  in  Timber  with  a  Device 
Having  a  Nuclear  Source 

INTRODUCTION 

Non-destructive  testing  of  wood  is  an  assignment  of  AREA  Committee  7 — Wood 
Bridges  and  Trestles.  In  the  fulfillment  of  this  assignment  laboratory  studies  have  been 
conducted  to  develop  a  means  by  which  internal  rot  or  decay  could  be  detected  within 
timber  piles,  caps  and  stringers.  The  inspection  of  these  timbers  in  the  field  is  usually 
accomplished  by  increment  boring,  probing  with  a  pick,  sounding  with  a  hammer,  etc. 
These  methods  are  time  consuming,  somewhat  damaging  to  the  timber,  and  do  not 
always  give  a  well  defined  picture  of  the  internal  condition  of  the  piece. 

High-frequency  vibrations  in  the  ultrasonic  range  have  been  used  successfully  on 
thin  wood  sections  for  the  detection  of  defects,  but  such  vibrations  will  not  penetrate 
thick  structural  timbers,  and  the  development  of  such  an  ultrasonic  device  has  been 
abandoned. 

Some  success  was  obtained  with  a  gamma  ray  back-scatter  device.  This  device  had 
the  advantage  that  the  emitter  and  the  collector  could  be  used  on  the  same  side  of  the 
member  and  would  be  particularly  useful  in  the  inspection  of  stringers  on  ballast-deck 
trestles  where  only  the  lower  edge  of  the  member  was  exposed.  However,  this  method 
did  not  produce  reliable  results  in  the  laboratory. 

A  device  has  recently  been  made  commercially  available  for  the  detection  of  internal 
decay  in  telegraph  poles.  This  device  utihzes  a  nuclear  source  from  which  gamma  rays 
are  directed  through  the  timber  and  collected  on  the  opposite  side.  While  it  is  recognized 
that  this  device  has  limitations  for  use  on  timber  trestles,  it  was  considered  within  the 
province  of  the  committee  assignment  to  determine  by  a  few  preliminary  laboratory 
and  field  tests  what  possibilities  this  device  may  have  for  inspection  of  bridge  timbers. 

This  report  briefly  describes  the  tests,  which  were  performed  in  the  AAR  Research 
Center  laboratory  and  on  a  trestle  of  the  Chicago,  Rock  Island  &  Pacific  Railroad. 

DESCRIPTION  OF  INSTRUMENT 

The  device  consists  of  two  separate  units — the  console  and  the  detector  yoke — as 
shown  in  Fig.   2.  The  console  contains  the  power  source,  binary  counter  and  controls. 
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The  detector  yoke  contains  the  nuclear  source,  scintillation  detector  and  photo  mul- 
tiplier. The  weight  of  the  console  is  38  lb  and  the  yoke,  10  lb.  They  are  connected  by 
a  30-ft  cable. 

The  power  source  consists  of  two  6-v  batteries  enclosed  in  the  console  with  a  built-in 
battery  charger.  The  8-hr-capacity  batteries  are  rechargeable  with  a  110-v  a-c  source. 
The  charger  shuts  off  automatically  when  the  battery  is  fully  charged. 

The  binary  counter  is  used  to  count  the  gamma  rays  which  have  passed  through 
the  wood  in  a  5-sec  interval.  Through  the  use  of  a  memory  system  this  count  is  then 
compared  with  the  previously  obtained  calibration.  The  difference  is  translated  in  terms 
of  percent  of  decay  and  read  directly  on  a  meter.  All  the  components  are  transistorized. 

The  controls  on  the  face  of  the  console  include  principally: 

(1)  A  meter  on  which  is  indicated  the  specimen  condition  in  terms  of  percent 
of  diameter  or  thickness  which  contains  wood  of  less  density  than  a  sound 
piece,  or  percent   of  decay. 

(2)  A  switch  to  correct  for  species  and  for  calibration.  This  has  four  positions. 
Position  1  is  for  southern  pine  and  position  ^  is  for  Douglas  fir.  Positions  2 
and  4  are  used  for  calibration. 

(3)  A  dial  graduated  from  0  to  100  which,  when  set,  corrects  for  the  diameter 
or  thickness  of  the  piece. 

This  device  was  originally  conceived  by  the  manufacturer  for  use  on  telegraph 
poles,  and  hence  the  need  for  a  thickness  greater  than  13  in  did  not  arise.  However,  for 
its  use  on  bridge  timbers  it  was  necessary  to  be  able  to  use  it  with  timbers  at  least 
18  in  thick.  The  manufacturer  was  requested  to  modify  the  device  to  accommodate 
these  larger  sizes,  and  shown  on  Fig.  1  is  the  detector  yoke  having  a  variable  opening 
between  12  and  24  in  and  a  throat  clearance  of  16  in. 

On  one  side  of  the  yoke  is  an  adjustable  rod  having  a  scale  in  inches  and  the  radio- 
active isotope.  On  the  other  side  of  the  yoke  is  the  scintillation  detector  and  photo- 
multiplier.  The  nuclear  source  is  Cobalt  57  emitting  gamma  rays  at  123  kilo-electron 
volts.  Since  the  isotope  is  cyclotron  produced,  no  AEC  license  is  required  for  procure- 
ment or  use.  The  capsule  is  inserted  in  a  small  lead  housing  used  principally  to  direct 
the  gamma  rays  toward  the  scintillator.  The  emission  intensity  amounts  to  about  5 
micro  curies  through  the  hole  in  the  lead  shield.  The  nuclear  source  has  a  half-life 
of  270  days. 

DESCRIPTION  OF  SPECIMENS  AND  TEST  PROCEDURE 

The  specimens  used  consisted  of  sections  of  old  treated  caps  and  piling  supplied  by 
the  Rock  Island  and  some  new  and  old  timber  specimens  on  hand  at  the  laboratory. 
The  species  of  the  specimens  were  southern  pine  and  Douglas  fiir.  They  were  from  2  to 
6  ft  in  length  and  their  thickness  varied  from  12  to  18  in. 

Cross  sections  through  which  instrument  readings  were  to  be  taken  were  marked  at 
about  6  in  from  the  end  of  the  piece  and  at  intervals  of  18  in.  Two  perpendicular  axes 
were  also  located  at  each  cross  section.  Readings  were  then  taken  on  the  two  axes  at 
each  cross  section. 

The  species  was  first  ascertained,  then  the  species  switch  on  the  console  was  placed 
in  the  appropriate  position.  The  yoke  straddled  the  specimen  and  the  adjustable  rod 
was  firmly  placed  against  it.  The  diameter  was  noted.  A  thickness  correction  was  then 
made  by  adjusting  the  dial  to  the  proper  number,  based  on  the  measured  thickness. 
The  switch  was  thrown  to  the  "read"  position  and  after  5  sec  the  indicator  light  showed 
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that  the  count  had  been  made.  At  the  same  time  the  needle  on  the  meter  indicated  the 
condition  of  the  wood  by  a  direct  reading  of  percent. 

To  determine  that  the  device  was  functioning  properly,  its  calibration  was  checked 
periodically.  Calibration  for  southern  pine  and  Douglas  fir  based  on  average  dry  densities 
is  built  into  the  unit. 

After  all  readings  were  taken  some  of  the  specimens  were  sawed  where  the  readings 
were  taken  and  these  sections  were  photographed  (see  Figs.  3  to  11,  incl.). 

TEST  RESULTS  AT  THE  AAR  LABORATORY 
Fir  Specimens 

Specimen  Fl,  shown  on  Fig.  3,  was  a  section  of  untreated  stringer.  This  was  new 
wood  and  its  uniform  density  was  substantiated  by  the  detector,  since  all  of  the  readings 
at  the  various  cross  sections  were  zero. 

Specimen  F2,  as  shown  on  Fig.  3,  was  a  pile  cut  off.  Zero  readings  were  obtained 
and  as  shown  in  the  photograph  there  was  no  evidence  of  decay. 

Specimen  F3  was  a  piece  of  dry,  untreated,  glu-laminated  stringer.  This  also  gave 
zero  readings  in  the  detector. 

Specimen  F4,  as  shown  on  Fig.  4,  was  a  pile  section.  For  comparison  purposes, 
several  of  the  sections  are  shown  with  the  percent  of  decay  readings  obtained  by  the 
detector  for  each  section.  The  photograph  taken  at  the  3-ft  6-in  section  shows  that 
along  the  1-1  axis  the  rot  was  8  percent  and  along  the  2-2  axis  it  was  SO  percent. 

The  SO-percent  reading  is  verified  on  the  2-2  axis,  but  the  low  reading  on  the  1-1 
axis  may  have  been  caused  by  the  hard  core  projecting  into  the  decayed  area. 

Specimen  FS,  shown  on  Fig.  5,  was  a  treated  cap.  The  photograph  at  the  2-ft  0-in 
section  indicates  that  there  was  decay,  but  none  was  registered  by  the  detector.  There  is 
the  possibility  that  this  was  due  to  a  continuous  path  of  wood  along  the  axis  read.  At 
the  S-ft  0-in  section  two  readings  were  taken;  one  at  a  bolt  hole  was  26  percent  and 
along  side  of  it,  7  percent. 

Pine  Specimens 

Specimen  Pi,  as  shown  on  Fig.  6,  was  an  untreated  cap.  Although  this  was  new 
wood  the  detector  at  the  various  cross  sections  registered  at  least  8  percent  of  decay. 

Specimen  P2,  as  shown  on  Fig.  7,  was  an  untreated  pile  cut  off.  At  the  6-in  level 
a  small  percentage  of  rot  was  recorded.  From  the  photograph  the  wood  was  sound 
and  free  of  decay.  At  the  time  the  readings  were  taken  there  was  some  question  as  to 
the  species  of  this  specimen.  The  readings  shown  were  made  with  the  species  switch  in 
position  1,  for  southern  pine.  Later,  readings  were  taken  in  position  3  for  Douglas  fir, 
and  zero  readings  were  obtained. 

Specimen  P3,  shown  on  Fig.  7,  was  a  section  of  a  treated  pile.  At  the  6-in  section, 
as  shown  on  the  photograph,  a  good  correlation  with  the  rot  detector  was  made.  At  the 
2-ft  0-in  section,  readings  of  zero  were  recorded. 

Specimen  P4,  shown  on  Fig.  8,  was  another  treated  pile  section.  The  appearance 
of  the  sawn  sections  indicated  more  decay  than  was  registered  by  the  detector.  At  the 
3-ft  6-in  section  the  extent  of  the  decay  can  be  seen.  For  both  axes  the  decay  indicator 
registered  zero.  It  was  apparent  that  the  presence  of  moisture  had  a  considerable  effect 
on  the  readings.  Moisture  readings  were  taken;  at  the  center  the  moisture  content  was 
65  percent  and  at  the  edges  22  percent  and  16  percent. 

Specimen  P5,  shown  on  Fig.  9,  was  also  a  section  of  a  treated  pile.  The  detector 
indicated  a  small  amount  of  decay  at  the  6-in  and  2-ft  0-in  section,  but  no  decay  at 
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the  3-ft  6-in  section.  However,  as  shown  in  the  photographs,  there  was  more  decay  at 
the  3-ft  6-in  section  than  at  the  other  two.  Here,  also,  there  was  some  question  of  the 
wood  species. 

Specimen  P6,  shown  on  Fig.  10,  was  a  section  of  a  treated  pile.  Decay  was  evident, 
particularly  at  the  6-in  section,  and  this  was  verified  by  the  detector  readings. 

Specimen  P7,  shown  on  Fig.  11,  was  a  treated  pile  section.  At  3  ft  6  in  and  S  ft 
0  in  from  the  end,  the  detector  did  not  indicate  decay  although  it  is  quite  evident  in  the 
photographs.  It  is  possible  that  the  hard,  dense  core  may  have  offset  the  decay  in  other 
portions  of  the  section. 

Specimen  P8,  shown  on  Fig.  6,  was  a  portion  of  a  treated  cap.  The  section  shown 
in  the  photograph  is  1  ft  3  in  from  the  end.  Along  the  1-1  axis  the  detector  indicated 
0  percent  decay.  On  the  horizontal  axes  readings  were  taken  on  the  upper  third,  lower 
third  and  middle  of  the  piece.  The  decay  percentage  readings  were  0,  0,  and  SO  percent, 
respectively,  and  it  can  be  seen  from  the  photograph  that  these  readings  are  well 
verified. 

TEST  RESULTS  ON  THE  ROCK  ISLAND  TRESTLE 

The  use  of  the  detector  on  this  timber  trestle  was  primarily  for  the  purpose  of 
determining  if  the  detector  yoke  could  be  used  to  inspect  various  parts  of  the  structure. 

This  is  an  open-deck  trestle,  and  it  was  found  that  the  yoke  could  be  easily  inserted 
between  the  ties  to  obtain  readings  vertically  through  each  stringer  in  the  chords.  It  was 
not  possible  to  read  horizontally  through  the  stringers  on  account  of  the  width  of  chord 
being  more  than  24  in.  It  was  possible  to  read  through  the  caps  close  to  the  stringer- 
cap  bearing  area.  All  other  locations  on  the  caps  were  readily  accessible.  Piles  in  the  inter- 
mediate bents  were  easily  accessible  to  the  yoke.  However,  due  to  the  spacing  of  the 
pile  and  the  projection  of  the  sliding  rod  on  the  yoke,  it  was  necessary  to  read  on  axes 
45  deg  to  the  plane  of  the  bent. 

Some  difficulty  was  experienced  in  using  the  yoke  on  the  piles  in  the  end  bents.  With 
the  bulkhead  timbers  against  the  piles,  the  clearance  was  somewhat  restricted.  Readings 
could  be  taken,  but  it  was  not  always  possible  to  read  on  two  perpendicular  axes. 

All  readings  taken  on  this  trestle  were  zero  which  was  to  be  expected  since  it  was 
of  relatively  new  construction. 

SUMMARY  AND  RECOMMENDATIONS 

In  general,  the  results  of  this  preliminary  investigation  indicate  that  the  device  will 
detect  internal  decay  in  large  timber  bridge  members,  that  it  is  portable,  and  can  be 
used  to  inspect  various  members  of  a  timber  trestle. 

The  use  of  the  device  in  the  laboratory  served  to  emphasize  some  of  the  limitations 
of  the  device.  These  are  commented  on  briefly  in  the  following  paragraphs. 

The  model  used  had  two  settings  for  species,  one  for  Douglas  fir  and  one  for  southern 
pine.  If  the  built-in  calibration  of  the  instrument  is  used  it  is  important  to  know  what 
species  is  being  inspected.  If  a  member  is  assumed  to  be  pine  but  is  actually  fir,  an  indi- 
cation of  about  30  percent  decay  could  be  obtained  even  though  the  member  was  actually 
sound.  In  cases  where  the  species  is  not  known,  it  is  recommended  that  a  field  calibration 
be  made.  This  would  consist  of  locating  a  portion  of  a  member  of  known  uniform 
density  and  without  decay.  Increment  borings  could  be  used  to  locate  such  a  portion. 
The  instrument  can  then  be  set  to  read  zero  for  such  a  condition.  Readings  taken 
elsewhere  would  then  be  relative  to  this  condition. 
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Moisture  in  the  wood  and  particularly  moisture  in  excess  of  the  fiber  saturation 
will  seriously  affect  the  readings.  The  greater  density  of  water  compared  to  wood  can, 
as  was  the  case  with  specimen  P4,  overcome  any  reduction  in  density  from  decay.  It  may 
be  necessary  to  determine  the  amount  of  moisture  in  the  member  if  conditions  are  such 
to  suspect  possible  high  moisture  content.  This  can  be  done  with  a  moisture  meter. 
If  the  moisture  content  is  uniform  (even  though  high)  for  various  members  it  is  reason- 
able to  expect  reliable  results  with  the  instrument,  particularly  if  a  field  calibration 
can  be  made. 

Readings  were  taken  along  only  two  axes  on  most  of  these  specimens.  As  indicated 
on  Specimen  FS,  it  is  possible  to  obtain  false  indications  unless  several  readings  are 
taken  through  the  piece.  As  for  FS,  if  readings  had  been  taken  at  the  third  points  as 
well  as  at  the  midpoint  the  presence  of  decay  would  have  been  detected.  This  was  very 
well  demonstrated  on  specimen  P8.  Additional  readings  at  each  cross  section  would 
provide  a  more  representative  value  for  that  location.  Each  reading  requires  only  5  sec 
so  the  total  time  involved  at  a  given  location  is  short.  Additional  readings  will  also 
tend  to  average  out  local,  high-density  areas  such  as  knots. 

In  some  instances  small  percentages  of  decay  were  recorded,  but  the  specimen  was 
found  to  be  sound.  This  occurred  with  specimens  Pi  and  P2.  Such  readings  may  be 
considered  beyond  the  accuracy  of  the  device.  In  these  two  cases  the  wood  used  was 
probably  slightly  less  dense  than  that  used  for  the  calibration.  Ten  percent  accuracy  is 
probably  the  best  that  can  be  expected  and  should  be  sufficient.  In  a  iS-in  pile  this 
would  represent  only  a  1^-in  hollow  core  which  is  not  particularly  significant.  A  reading 
of  40  percent,  on  the  other  hand,  would  mean  a  6-in  hollow  core  and  a  shell  thickness 
of  only  4^  in. 

The  effect  of  creosote  or  other  preservative  oil  in  the  wood  was  not  evaluated. 
However,  since  the  greatest  use  for  this  instrument  will  be  found  on  wood  that  has 
been  in  service  for  a  number  of  years,  the  excess  surface  oil  will  have  disappeared,  and 
any  oil  remaining  will  probably  have  little  effect  on  the  readings. 

While  this  device  may  have  certain  limitations,  it  must  be  recognized  that  it  could 
be  a  very  useful  tool  for  the  timber  bridge  inspector.  Like  any  new  tool,  it  will  require 
time  and  experience  to  gain  confidence  in  its  use. 
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Committee 

Those    whose    names    are    set    in    bold    face    type    constitute    the    Engineering    Division,    AAR,    Com- 
mittee  18. 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 
1.  Revision     of     Manual     (Electrical     Manual,     AAR),     collaborating     with 
Mechanical  Division,  AAR. 
Progress   report,   submitted   as  information    page  438 

4.  and  8.  Power  supply,  motors  and  controls,  collaborating  with  Mechanical 
Division,  AAR. 

Studies  are  in  progress   on   all  assignments,   and   reports  should  be   ready 
for  publication  next  year. 

5.  Illumination,    collaborating    with    Committee    6    and    Mechanical   Division, 
AAR. 

Part   A — Recommendations    with    respect   to   the   AAR    Electrical   Manual, 

submitted    for    adoption    page  441 

Part    B — Reading    Numbers    of    Freight    Cars    in    Motion,    submitted    as 

information    page  459 

Part  C — Lamps  for  Railroad  Applications,  submitted  as  information    ....   page  464 

9.  Electrolysis  and  electrolytic  corrosion. 
No  report. 

10.  Wire,  cable  and  insulating  materials,  collaborating  with  Mechanical  Divi- 
sion, AAR. 
Progress  report,  submitted  as  information    page  469 
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11.  Electric  heating,  collaborating  with  Committee  6  and  Mechanical  DiWsion, 

A.\R. 

Xo  report.  Studies  are  in  progress  and  it  is  expected  to  present  a  report 

for  publication  next  year. 
13.  Railway  electrification. 

Progress   report,   submitted  as  information    page  471 

15.  Relations  with  public  utilities. 

No  information  was  developed  on  the  subject  this  year. 

The  Committee  on  Electricity, 

J.  J.  ScHiiiDT,  Chairman. 
AREA   Bulletin    583.   January    1964. 


Report  on  Assignment  1 

Revision  of  AAR  Electrical  Manual  of  Standard 
and   Recommended   Practice 

Collaborating  with  Mechanical  Division,  AAR 

W.  O.  MuUer  (chairman,  subcommittee),  R.  Burn,  H.  W.  Dunn,  P.  O.  Lautz. 

Your  committee  submits,  as  information,  the  following  recommendations  with 
respect  to  SECTION  18— WIRING  DIAGRAMS  FOR  ROLLING  STOCK,  which  will 
form  the  basis  for  representatives  of  the  Engineering  Division,  AAR,  to  collaborate 
with  representatives  of  the  Mechanical  Division,  AAR,  on  these  matters,  since  these 
Divisions  are  jointly  responsible  for  Section  18.  These  recommendations  will  provide 
for  requirements  relating  to  fixed  property  in  this  Section.  They  are  presented  after  an 
exchange  of  letters  between  representatives  of  your  committee  and  of  the  Mechanical 
Di\ision,  but  without  collaboration  or  advice  of  the  reaction  to  them  by  the  Mechanical 
Division  or  its  representatives.  AREA  members  are  invited  and  urged  to  comment, 
criticize  and  submit  suggestions  on  these  matters  to  the  chairman  of  this  subcommittee, 
with  copy  to  the  chairman  of  Committee  18 — Electricity,  and  to  the  executive  secretary 
of  AREA  for  consideration  by  and  the  guidance  of  your  representatives  in  the  proposed 
collaboration.  These  recommendations  are  being  made  with  a  view  to  incorporating 
them  in  Section  18  of  the  Manual  as  promptly  as  collaborative  agreements  with  the 
Mechanical  Division,  AAR,  can  be  achieved. 


I.  Change    the    heading   of   Section    18   from   WIRING   DIAGRAMS   FOR   ROLLING 
STOCK  to  DRAWINGS,  SYMBOLS,  AND  ABBREVIATIONS. 


II.   Revise   the  TABLE  OF   CONTENTS  in  Section   18,  as  appropriate. 


III.  Delete  entire  CHAPTER   1— GENERAL  INDEX,  in  Section  18. 

The  GENERAL  INDEX  of  Chapter  1  will  become  incorrect  and  unnecessary 
because  the  Parts  which  it  indexes  will  be  deleted  or  reduced  and  arranged  in  accordance 
with  ASA  Symbols  Index  if  the  other  suggestions  of  your  committee  are  eventually 
submitted  and  adopted  for  Manual  re\-ision. 


Electricity 439 

I\.  Prei€nt  Chapter  2  in  Section  18  should  be  renumbered  to  Chapter  1  and  be 
re\-iewed  by  representatives  of  the  collaborating  committees  with  a  \-iew  to  determining 
definitions,  names,  and  terms  for  electrical  diagrams  peculiar  to  railroad  use,  not  covered 
in  ASA  Standards;  then,  through  proper  channels,  submitting  them  to  ASA  for  con- 
sideration toward  approval  as  ASA  Standards,  including  ASA  C42.05  now  undergoing 
re\-ision,  or  including  them  in  this  Chapter,  pending  ASA  approval,  as  seems  appropriate. 


V.  Present   Chapter  3   in   Section    18  should   be   renumbered   Chapter   2.   with   revised 
heading  and  new  text,  as  follows: 

A.  Change  heading  from  SY^klBOLS  FOR  SCHE^L\TIC  WIRING  DL\GR-\MS 
to   GR.\PHIC   ELECTRICAL   SY^IBOLS  FOR  DR.\\\TNGS. 

This  change  will  bring  the  heading  into  conformit>'  with  the  terminologj"  of  ASA 
Standards. 

B.  Substitute  the  loUowTng  for  Part  1  of  renumbered  CH-\PTER  2— GR-\PHIC 
ELECTRIC.\L  S\':HBOLS  FOR  DRAWTXGS. 

PART  1— GEXER-\L 

1.  Graphic  s>Tnbols  for  electrical  and  electronics  chagrams  shall  conform  with 
American  Standards  .\ssociation  'ASA)   Standard  Y32.2,  latest  re\-ision. 

2.  Graphic  electrical  s>Tnbols  for  architectural  and  electrical  layout  drawings  shall 
conform  with  ASA  Standard  Y32.9.  latest  re\-i5ion. 

3.  \Miere  alternative  sjTnbob  are  shown,  the  choice  shall  be  the  symbol  which  is 
reconoimended  by  the  International  Electrotechnical  Commisssion  <IEC).  When  alterna- 
tives still  exbt.  the  choice  shall  be  the  s>-mbol  which  historically  has  been  used. 

4.  When  no  s>-mbol  is  Usted  in  ASA  Standards  to  portray  a  particular  de\ice 
(equipment,  item)  or  function,  and  when  a  required  s>-mbol  cannot  be  generated  by 
"application"  in  accordance  with  ASA  Standards.  5>-mbols  from  other  national-level 
standards  may  be  used.  Any  such  s>Tnbol.  created  or  used  to  meet  a  specific  require- 
ment, must  be  explained  on  the  drawing  and  shall  be  reported  to  the  appropriate  Di\-i- 
sion  of  the  .A.\R.  Such  sjTnbols  shall  be  given  consideration  for  recommendation  toward 
approval  in  a  re\ision  of  or  a  supplement  to  ASA  Standards  and  for  listing  by  AAR. 
pending  ASA  approval. 

C.  Your  committee  suggests  that  the  following  statement  (a  re\Tsion  of  material 
contained  in  present  Part  1  of  Chapter  3)  be  presented  to  ASA  Committee  Y32  for  its 
consideration  as  a  set  of  basic  principles  on  which  certain  sjTnbols  should  be  drawn. 
The  need  for  these  principles  is  becoming  increasingly  important  due  to  the  fact  that 
the  \-isual  definition  or  resolution  of  images  on  prints  made  by  some  methods,  which 
seem  to  be  gaining  favor,  b  not  sufficiently  distinct  to  permit  determining  whether 
contacts  are  normally  open  (XO)  or  normally  closed  (XC).  This  is  because  adjoining 
lines  tend  to  "'rxm"  together. 

a.  Contact  and  switch  symbols  drawTi  with  circuit  terminak  or  arrows  to  indicate 
the  contact — but  not  those  drawn  with  parallel  lines  to  indicate  the  contact — 
shall  be  shown: 
1.  With   the   movable   portion (s)    to   the   right   or   below  the   fixed   portion(s). 

when   contacts  are  normally  open    (XO). 
:.  With  the  movable  portion(s)   to  the  left  or  on  top  of  the  fixed  portion(s). 

when  contacts  are  normally  closed  (XC). 
3.  Connected  to  agree  with  the  actual  electrical  arrangement,  when  the  mo\-able 
portion (s)  is  hinged. 
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D.  Delete  entire  PART  2— SCHEMATIC  WIRING  SYMBOLS,  from  renumbered 
Chapter  2,  and  substitute  the  following: 

PART  2— LIST  OF  SYMBOLS 

(To  be  developed) 

This  proposed  Part  2  will  list  symbols  which  are  not  ASA  Standard,  and  which 
are  not  created  or  used  and  reported — per  Par.  4  of  the  foregoing  material  submitted 
as  new  Part  1  of  Chapter  3,  pending  their  approval  by  ASA.  The  symbols  to  be  inserted 
here  are  to  be  developed  in  collaboration  with  the  Mechanical  Division,  AAR,  and 
coordinated  with  ASA  Standards. 


VI.  Present    CHAPTER    4— LEAD    AND    TERMINAL    MARKINGS,    in    Section    IS 
should  be  renumbered  Chapter  3. 

A.  Substitute  the  following  for  the  first  paragraph  of  PART  1— GENERAL: 

1.  Terminal  markings  of  electric  apparatus  shall  conform  with  ASA  Standard  C 
6.1,  latest  revision,  except  as  hereinafter  provided  for  rolling  stock. 

This  recommendation  will  result  in  the  Electrical  Manual  referring  specifically  to 
ASA  Standard  C  6.1,  and  will  apply  the  exception  to  rolling  stock  only. 

B.  Review  PART  3— LEAD  AND  TERMINAL  MARKINGS  FOR  MACHINES 
OTHER  THAN  TRACTION  MOTORS,  of  renumbered  Chapter  3.  Delete  any  items 
in  this  Part  pertaining  to  fixed  property,  placing  them  in  another  portion  of  this  Chapter 
or  Section,  as  appropriate,  and  change  the  heading  of  this  Part  to  indicate  that  it 
pertains  to  rolling  stock  only. 


VII.  Present  CHAPTER  5— IDENTIFICATION  LETTERS  FOR  WIRING  DIA- 
GRAMS, in  Section  18  should  be  renumbered  Chapter  4  and  its  heading  changed  to 
ABBREVIATIONS   FOR   USE   ON   DRAWINGS. 

This  change  will  bring  the  heading  into  conformity  with  the  terminology  of  ASA 
Standards. 

A.  Substitute   the   following  for  PART   1— GENERAL,  of  renumbered  Chapter  4: 

PART  1— GENERAL 

1.  Abbreviations  for  use  on  drawings  shall  be  in  accordance  with  ASA  Standard 
Y32.13,  latest  revision. 

2.  When  no  abbreviation  is  listed  in  ASA  Standards  to  portray  a  particular  word 
or  expression,  and  when  a  required  abbreviation  cannot  be  generated  in  accordance 
with  the  basic  principles  stated  in  ASA  Standards,  abbreviations  from  other  national- 
level  standards  may  be  used.  Any  such  abbreviation,  created  or  used  to  meet  a  specific 
requirement,  must  be  explained  on  the  drawing  and  shall  be  reported  to  the  appopriate 
Division  of  the  AAR.  Such  abbreviations  shall  be  given  consideration  for  recommenda- 
tion toward  inclusion  in  revision  of  ASA  Standards  and  for  listing  by  AAR,  pending 
ASA  approval. 

B.  Present  PART  1— GENERAL,  of  present  Chapter  5  should  be  reviewed  by 
representatives  of  the  collaborating  committees  and  entered  as  subsequent  Part(s)  of 
renumbered  Chapter  4  after  determination  has  been  made  as  to  appropriate  revisions. 


VIII.  Present  CHAPTER  6— DESIGNATIONS  OF  SIDES  AND  ENDS  OF  LOCOMO- 
TIVES OTHER  THAN  STEAM  AND  SELF-PROPELLED  CARS,  in  Section  18 
should  be  renumbered  Chapter  5. 
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IX.  Present  CHAPTER  7— SPECIFICATION  FOR  SCHEMATIC  DIAGRAMS,  in 
Section  18  should  be  renumbered  Chapter  6  and  its  heading  changed  to  DRAFTING 
STANDARDS. 

A.  Substitute  the  following  for  Part   1   of  renumbered  Chapter  6: 

PART  1— GENERAL 

Drafting  standards  shall  conform  with  ASA  Standards  Y14.1  through  Y14.17,  latest 
revisions,  except  as  provided  for  rolling  stock,  in  Part  2  of  this  Chapter. 

B.  Present  PART  1— GENERAL,  of  present  Chapter  7  should  be  entered  as  Part  2 
of  renumbered  Chapter  6,  with  its  heading  revised  to  state  that  it  pertains  to 
rolling  stock. 


X.  Present  CHAPTER  8— WIRE  MARKING  FOR  SCHEMATIC  AND  CONNEC- 
TION DIAGRAMS,  Section  18,  should  be  reviewed  by  representatives  of  the  col- 
laborating committees,  giving  consideration  to  possible  inclusion  of  its  contents  in 
renumbered  CHAPTER  3— LEAD  AND  TERMINAL  MARKINGS,  with  appropriate 
change  in   heading  of  that   Chapter. 


XI.    Present    CHAPTER    9— SPECIFICATION    FOR    CONNECTION    DIAGRAMS, 

Section  18,  should  be  reviewed  by  representatives  of  the  collaborating  committees,  giving 
consideration  to  possible  inclusion  of  its  contents  in  revised  and  renumbered  CHAPTER 
6— DRAFTING   STANDARDS. 


Report  on  Assignment  5 

Illumination 

Collaborating  with  Committee  6  and  Mechanical   Division,  AAR 

E.  D.  Feak  (chairman,  subcommittee),  B.  Anderhouse,  A.  C.  Cayou,  H.  W.  Dunn, 
H.  T.  Foy,  R.  E.  Hauss,  R.  L.  Henderson,  F.  B.  McConnel,  B.  F.  McGowan, 
C.  M.  Summers. 

Your  committee  presents  its  report  on  Assignment  5  in  three  parts.  Part  A  submits 
for  adoption  certain  revisions  to  material  in  Section  5 — Illumination,  of  the  AAR  Elec- 
trical Manual.  Part  B,  presented  as  information,  is  entitled  "Reading  Numbers  of 
Freight  Cars  in  Motion."  Part  C,  also  presented  as  information,  is  entitled  "Lamps  for 
Railroad  .Applications." 

Part  A 
Revision   of  Material   in   AAR   Electrical   Manual 

Your  committee  submits  for  adoption  the  following  recommendations  with  respect 
to   Section   5 — Illumination,  of  the  AAR   Electrical  Manual: 

Bull.  S83 
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CHAPTER  1 
ILLUMINATION 
PART  1— GENERAL 

Page  1-1-12.  Add  the  following  new  paragraph  between  the  present  penultimate  and 
ultimate  paragraphs  on  this  page: 

"It  is  important  to  remember,  particularly  in  outdoor  area  lighting,  that  light  is 
absorbed  by  moisture,  smoke  and  dust  particles,  even  in  an  apparently  clean  atmosphere. 
Therefore,  when  luminaries  are  located  at  a  distance  from  the  task  and/or  the  task  is 
viewed  from  a  distance,  the  absorption  of  light  must  be  taken  into  consideration.  For 
example,  if  the  atmospheric  transmiftance  were  80  percent  per  10-foot  distance  and 
the  task  were  viewed  at  100  feet,  the  illumination  on  the  task  would  have  to  be 
increased  by  a  factor  of  10  to  obtain  the  same  visibility  as  at  100  percent  atmospheric 
transmiftance." 

The  following  additional  recommendations  are  submitted  to  incorporate  minor 
editorial  changes  in  the  existing  material  in  Part  1 — General,  and  Part  2 — Reflection 
Factors. 

Page  1-1-1,  first  paragraph:  Change  first  sentence  to  read  as  follows:  "Light  may 
be  defined  as  radiant  energy  which  is  capable  of  producing  the  sensation  of  sight." 

Page   1-1-1,  fifth  paragraph:   Change  first  three  sentences  to  read  as  follows: 

"Visual  sensations  caused  by  brightness  relationships  within  the  field  of  view  may 
interfere  with  vision  of  a  seeing  task.  These  interfering  brightnesses  are  called  glare,  or 
glare  sources,  and  may  be  annoying,  uncomfortable  or  may  completely  prevent  proper 
seeing.  Disability  glare  may  be  present  whenever  a  source  of  brightness  higher  than 
that  of  the  task  is  superimposed  on  the  view,  or  discomfort  glare  may  exist  if  excessive 
brightness  sources  are  within  the  normal  viewing  angle." 

Page  1-1-2,  first  full  paragraph:  Change  last  three  sentences  to  read  as  follows: 
"Reduction  of  fatigue  and  improvement  of  morale  of  workers  also  result  in  direct  gains 
in  output.  In  relations  with  the  public,'good  illumination  plays  a  most  important  role. 
Reduction  of  accidents  is  another  important  factor  gained  by  good  lighting.  For  example, 
it  would  be  poor  economy  to  neglect  the  adequate  lighting  of  a  stairway  where  one 
accident  claim  might  cost  many  hundreds  of  times  the  cost  of  good  lighting." 

Page  1-1-2,  last  paragraph  on  page,  change  to  read  as  follows: 

"The  following  Chapters  of  this  Section  of  the  Manual  are  concerned  with  recom- 
mending, as  a  guide,  economically  feasible  lighting  levels  and,  in  some  cases,  methods 
of  lighting  certain  properties  peculiar  to  the  railroad  industry.  The  lighting  planner, 
however,  should  always  evaluate  the  particular  seeing  task  with  which  he  is  confronted 
in  terms  of  basic  principles  and  the  most  effective  and  economic  systems  available, 
realizing  that   new  developments  may   rapidly  outdate  any  manual." 

PART   2— REFLECTION  FACTORS 

Page   1-2-1,  first  paragraph,  change  to  read  as  follows: 

"Reflection  factors  are  useful  in  lighting  calculations  and  should  be  taken  into 
account  when  considering  visual  comfort,  utilization  of  light,  and  the  general  atmosphere 
of  a  room  or  interior." 
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Page  1-2-2,  first  full  paragraph:  Change  last  sentence  to  read  as  follows:  "On  the 
other  hand,  a  blue  or  green  surface  will  have  a  higher  reflectance  for  cool  white 
fluorescent   than   for  incandescent   or   warm   white   fluorescent." 

Page  1-2-2:  In  the  table  of  reflectance  values  at  the  bottom  of  the  page,  change 
the  values  for  ceilings  under  Offices  and  Industrial  from  .80 — .90  to  .80 — .85. 


PART  3— GLOSSARY   OF   ILLUMINATION   TERMS 

Delete  present  material  under  Part  3 — Glossary  of  Illumination  Terms,  pages  1-3-1 
and   1-3-2,  substituting  therefor  the   following  new  text. 


The  following  terms  and  definitions  are  reproduced  here  from  the  Illuminating 
Engineering  Society  Handbooks  and  other  sources.  For  a  more  detailed  study  refer  to 
the  latest   Illuminating   Engineering  Society   Lighting  Handbook. 

Basic  Units  of  Light  Measurement 

Lumen,  Lm.:  the  unit  of  luminous  flux;  equal  to  the  flux  emitted  through  a  unit 
solid  angle  (one  steradian)   from  a  uniform  point  source  of  one  candle. 

Footcandle,  fc:  the  unit  of  illumination  when  the  foot  is  the  unit  of  length:  the 
illumination  on  a  surface  one  square  foot  in  area  on  which  is  uniformly  distributed  a 
flux  of  one  luemn.  It  equals  one  lumen  per  square  foot.  See  Fig.  1. 

Candle,  c:  the  unit  of  luminous  intensity  one  lumen;  one  lumen  solid  angle 
(steradian) . 


Fig.  1 — Relationship  between  candies, 
lumens,   and   footcandles. 

A  uniform  point  source  (luminous  in- 
tensity or  candlepower  =  1  candle)  is 
shown  at  the  center  of  a  sphere  of  1- 
foot  radius.  It  is  assumed  that  the  sphere 
is  perfectly  transparent  (i.e.,  has  0 
reflectance). 

The  illumination  at  any  point  on  the 
sphere  is  1  footcandle  (1  lumen  per  square 
foot). 

The  solid  angle  subtended  by  the  area, 
A,  B,  C,  D  is  I  steradian.  The  flux  den- 
sity is  therefore  1  lumen  per  steradian, 
which  corresponds  to  a  luminous  inten- 
sity   of    1    candle,    as    originally    assumed. 

The  sphere  has  a  total  area  of  12.57 
(47r)  square  feet,  and  there  is  a  luminous 
flux  of  1  lumen  falling  on  each  square 
foot.  Thus  the  source  provides  a  total  of 
12.57    lumens. 
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Candlepower,  cp:  luminus  intensity  expressed  in  candles. 

Apparent  candlepower  of  an  extended  source  (at  a  specified  distance)  the 
candlepower  of  a  point  source  which  would  produce  the  same  illumination  at  that 
distance. 

General  Radiation  Terms 
Units  of  wave  length: 

Angstrom,  A:  unit  of  wavelength  equal  to   10'"'   (one  ten-billionth)    meter. 
Millimicron,  miJ-:  unit  of  wavelength  equal  to  10"  (one  one-hiilionth)   meter. 

Micron,  m:  unit  of  wavelength  equal  to   10""  (one-millionth)   meter. 
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Mega:  prefix  meaning  one  million   (10"). 

Kilo:  prefix  meaning  one  thousand   (10^). 

Milli:   prefix  meaning  one  one-thousandth  of   (10"''). 

Micro:  prefix  meaning  one  one-millionth  of   (10"*). 

Steradian  (unit  solid  angle):  a  solid  angle  subtending  an  area  on  the  surface  of 
a  sphere  equal  to  the  square  of  the  sphere  radius. 

Temperature  radiator:  a  radiator,  the  radiant  flux  density  (radiant  emittance)  of 
which  is  determined  by  its  temperature  and  the  material  and  character  of  its  surface, 
and  is  independent  of  its  previous  history. 

Blackbody  (complete  radiator,  Planckian  radiator):  a  temperature  radiator  of 
uniform  temperature  of  which  the  radiant  emittance  in  all  parts  of  the  spectrum  is 
the  maximum  obtainable  from  any  temperature  radiator  operating  at  the  same  tem- 
perature. A  blackbody  will  absorb  all  radiant  energy  falling  upon  it.  It  is  practically 
realized  in  the  form  of  a  cavity  with  opaque  walls  at  uniform  temperature  and  with 
a   small   opening   for   observation   purposes. 

Graybody:  a  temperature  radiator  the  spectral  emissivity  of  which  is  less  than 
unity  and  the  same  at  all  wavelengths. 

Total  emissivity  fej;  the  ratio  of  the  radiant  flux  density  (radiant  emittance)  at 
an  element  of  a  temperature  radiator  to  that  at  an  element  of  a  blackbody  at  the  same 
temperature. 

Light  Source  Terms 

Lamp:  an  artificial  source  of  light ;  by  extension  the  term  is  also  used  for  artificial 
Sources  radiating  in  regions  of  the  spectrum  adjacent  to  the  visible.  (A  portable  lighting 
unit  consisting  of  a  lamp  or  lamps  with  housing,  shade,  reflector,  or  other  accessories 
is  also  commonly  called  a  "lamp."  In  order  to  dsitinguish  between  such  a  complete 
luminaire  and  the  light  source  within  it,  the  latter  is  sometimes  called  a  "bulb.") 

Incandescent  filament  lamp:  a  lamp  in  which  light  is  produced  by  a  filament 
heated  to  incandescence  by  the  flow  of  an  electric  current  through  it. 

Electric  discharge  lamp:  a  lamp  in  which  light  (or  radiant  energj'  near  the  visible 
spectrum)  is  produced  by  the  passage  of  an  electric  current  through  a  metallic  vapor 
or   a   gas. 

Mercury  lamp:  an  electric  discharge  lamp  in  which  the  major  portion  of  the 
radiation  is  produced   by  the  excitation  of  mercury  atoms. 

Fluorescent  lamp:  an  electric  discharge  lamp  in  which  a  fluorescing  coating  ("phos- 
phor")  transforms  some  of  the  ultraviolet  energy  generated  by  the  discharge  into  light. 

Short-arc  lamp:  a  high-pressure  electric  discharge  lamp  in  which  the  arc  length  is 
comparable  to  the  arc  diameter. 

Carbon  arc  lamp:  an  electric  discharge  lamp  in  which  light  is  produced  by  an  arc 
discharge  between  carbon  electrodes.  One  or  more  of  the  electrodes  may  contain 
chemicals   which   contribute   importantly   to   the   radiation. 

Photofiash  lamp:  a  lamp  in  which  a  high-intensity  light  of  short  duration  is 
produced  by  the  rapid  burning  of  combustible  metal  or  other  solid  material  in  an 
atmosphere  of  oxygen. 

Electroluminescent  lamp:  a  lamp  in  which  light  is  produced  by  the  excitation  of 
a  phosphor  in  an  electric  field. 

Ballast:  a  device  used  with  an  electric  discharge  lamp  to  provide  the  necessary 
circuit  conditions  for  starting,  and  to  ilmit  the  operating  current. 
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Reflectorized  lamp:  a  lamp  in  which  part  of  the  bulb  is  coated  externally  or  inter- 
nally with  a  specular  reflecting  material  for  the  purpose  of  redirectinR  some  of  the 
emitted  flux. 

Luminous  efficacy  of  a  light  source:  the  ratio  of  the  total  luminous  flux  emitted 
by  the  source  to  the  total  power  input  to  the  source.  In  the  case  of  an  electric  lamp, 
efficacy  is  expressed  in  lumens  per  watt. 

Photometric  Testing  Terms 

Candlepower  distribution  curve:  a  curve  showing  the  variation  of  luminous  inten- 
sity of  a  lamp  or  luminaire  with  angle  of  emission.  A  vertical  candlepower  distribution 
curve  is  obtained  by  taking  measurements  at  various  angles  of  elevation  in  a  vertical 
plane  through  the  light  center;  unless  the  angle  of  azimuth  is  specified,  a  vertical  curve 
is  assumed  to  represent  an  average  such  as  would  be  obtained  by  rotating  the  unit  about 
its  vertical  axis.  A  horizontal  candlepower  disrtibution  curve  represents  measurements 
made  at  various  angles  of  azimuth  in  a  horizontal  plane  through  the  light  center. 

Isocandle  line:  a  line  plotted  on  any  appropriate  coordinates  to  show  all  the  direc- 
tions in  space,  about  a  source  of  light,  in  which  the  candle-power  is  the  same.  For  a 
complete  exploration  the  line  is  a  closed  curve.  A  series  of  such  curves,  usually  for 
equal  increments   of   candlepower,  is  called  an   isocandle  diagram. 

Isolux  (isofootcandle)  line:  a  line  plotted  on  any  appropriate  coordinates  to  show 
all  the  points  on  a  surface  where  the  illumination  is  the  same.  For  a  complete  explora- 
tion the  line  is  a  closed  curve.  A  series  of  such  lines  for  various  illumination  values  is 
called   an   isolux    (isofootcandle)    diagram. 

Zonal  constant:  a  factor  by  which  the  mean  candlepower  emitted  in  a  given 
angular  zone  by  a  source  of  light  is  multiplied  to  obtain  the  number  of  lumens  in 
the  zone. 

Beams  spread:  the  angle  enclosed  by  two  Hnes  which  intersect  the  candlepower 
distribution  curve  at  the  points  where  the  candlepower  is  equal  to  ten  per  cent  of  its 
maximum. 

Life  test:  a  test  in  which  lamps  are  operated  under  specified  conditions  for  a 
specified  length  of  time,  for  the  purpose  of  obtaining  information  on  lamp  life.  Measure- 
ments of  photometric  and  electrical  characteristics  may  be  taken  at  specified  intervals. 

Control  of  Light 

Reflection:  a  general  term  for  the  process  by  which  a  part  of  the  incident  flux 
leaves  a  surface  or  medium  from  the  incident  side. 

Regular  or  specular  reflection:  the  process  by  which  a  portion  of  the  incident 
flux  is  re-emitted  at  the  specular  angle  without  scattering. 

Specular  angle:  the  angle  between  the  perpendicular  to  the  surface  and  the 
reflected  ray  that  is  numerically  equal  to  the  angle  of  incidence  and  that  lies  in  the 
same  plane  as  the  incident  ray  and  the  perpendicular  hut  on  the  opposite  side  of  the 
perpendicular. 

Diffuse  reflection:  the  process  by  which  a  portion  of  the  incident  flux  is  rc-emitted 
in  a  non-image-forming  (diffused)   state. 

Compound  or  mixed  reflection:  the  simultaneous  occurrence  of  regular  and  diffuse 
reflection,  in  any  proportion. 

Reflectance:  the  ratio  of  the  flux  reflected  by  a  surface  or  medium  to  the  incident 
flux.  The  quantity  reported  may  be  total  reflectance,  regular  (specular)  reflectance,  dif- 
fuse reflectance,  or  spectral  reflectance,  depending  on  the  component  measured. 
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Transmission:  a  general  term  for  the  process  by  which  a  part  of  the  incident  flux 
leaves  a  surface  or  medium  on  a  side  other  than  the  incident  side. 

Regular  transmission:  the  process  by  which  a  portion  of  the  incident  flux  is 
re-emitted  from  a  surface  or  medium  on  the  non-incident  side  without  scattering  (no 
diffusion). 

Diffuse  transmission:  the  process  by  which  a  portion  of  the  incident  flux  is 
re-emitted  from  a  surface  or  medium  on  the  non-incident  side  in  a  non-image-forming 
(diffused)   state. 

Transmittance:  the  ratio  of  the  flux  transmitted  by  a  medium  to  the  incident  flux. 
The  quantity  reported  may  be  total  transmittance,  regular  transmittance,  diffuse  trans- 
mittance, or  spectral  transmittance,  depending  on  the  component  measured. 

Absorption:  a  general  term  for  the  process  by  which  a  part  of  the  incident  flux 
at   a  surface   or   medium  is   dissipated  within   the  medium. 

Absorptance:  the  ratio  of  the  flux  absorbed  by  a  medium  to  the  incident  flux. 
The   sum   of   the   total   reflectance,   the   total   transmittance,   and   the   absorptance   is   1. 

Perfect  diffusion:  diffusion  in  which  flux  is  scattered  in  accord  with  Lambert's 
Cosine  Law. 

Lambert's  Cosine  Law:  a  distribution  of  flux  such  that  the  flux  per  solid  angle 
in  any  direction  from  a  plane  surface  varies  as  the  cosine  of  the  angle  between  that 
direction  and  the  perpendicular  to  the  surface.  The  photometric  brightness  of  such  a 
surface  is  uniform  at  all  angles  of  view. 

Refraction:  the  bending  of  a  ray  of  light  as  it  passes  obliquely  from  one  medium 
to  another  in  which  its  velocity  is  different. 

Polarization:  a  phenomenon  in  which  the  transverse  vibrations  of  light  waves  are 
oriented  in  a  specific   plane. 

Filter:  a  device  which  changes,  by  transmission,  the  magnitude  and/or  the  spectral 
composition  of  the  flux  incident  on  it.  Filters  are  called  selective  (or  colored)  or  neutral, 
according  to  whether  or  not  they  alter  the  spectral  distribution  of  the  incident  flux. 

Reflector:  a  device  used  to  redirect  the  luminous  flux  from  a  source,  primarily  by 
the  process  of  reflection. 

Refractor:  a  device  used  to  redirect  the  luminous  flux  from  a  source,  primarily  by 
the  process  of  refraction. 

Diffuser:  a  device  used  to  redirect  the  luminous  flux  from  a  source,  primarily  by 
the  process  of  diffuse  transmission. 

Louver:  an  opaque  or  translucent  member  used  to  shield  a  source  from  direct 
view  at  certain  angles,  or  to  absorb  unwanted  light. 

Retro-reflector  (reflex  reflector):  a  device  designed  to  reflect  light  in  a  direction 
close  to  that  at  which  it  is  incident,  whatever  the  angle  of  incidence. 

Terms  Relating  to  Vision 

Primary  line  of  sight:  the  line  connecting  the  point  of  observation  and  the  fixation 
point.  (Point  of  observation:  the  midpoint  of  the  base  line  connecting  the  centers  of 
rotation  of  the  two  eyes.) 

Visual  field:  the  locus  of  objects  which  at  a  given  moment  can  be  seen  by  one  or 
the  other  of  the  two  eyes.  The  portion  where  the  fields  of  the  two  eyes  overlap  is  called 
the  binocular  visual  field. 

Central  vision:  the  seeing  of  objects  in  the  central  part  of  the  visual  field,  approxi- 
mately 3  degrees  in  diameter. 
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Peripheral  vision:  the  seeing  of  objects  displaced  peripherally  from  the  primary 
line  of  sight,  and  outside  the  central  part  of  the  visual  field. 

Pupillary  aperture:  the  opening  in  the  iris  which  admits  light  into  the  eye.  The 
size  of  the  aperture  varies  with  the  photometric  brightness  of  the  visual  field,  and  the 
brightness   distribution. 

Adaptation:  the  process  by  which  the  eye  adapts  itself  to  light,  involving  primarily 
a  change  in  the  sensitivity  of  the  photoreceptors. 

Accommodation:  the  process  by  which  the  eye  changes  focus  for  objects  at  various 
distances,  involving  changes  in  the  shape  and  position  of  the  crystalline  lens. 

\isual  angle:  the  angle  which  an  object  subtends  at  the  optical  center  of  the  eye. 

Visual  acuity:  the  ability  to  distinguish  fine  details;  quantitatively  the  reciprocal 
of  the  angular  size  in  minutes  of  the  critical  detail  which  is  just  large  enough  to 
be  seen. 

Speed  of  vision:  the  reciprocal  of  the  duration  of  exposure  required  for  something 
to  be  seen. 

Brightness  contrast  within  a  visual  task:  (Bi  —  Bj)/Bi,  or  (B^  —  BJ/Bi  where  Bi 
is  the  photometric  brightness  of  the  background  and  B2  the  photometric  brightness  of 
the  object.  The   form  of  the  equation  must  be  specified. 

Brightness  ratio:  the  ratio  between  the  photometric  brightnesses  of  any  two  rela- 
tively large  areas  in  the  visual  field. 

Glare:  the  effect  of  brightnesses  or  brightness  differences  within  the  visual  field 
sufficiently  high  to  cause  annoyance,  discomfort,  or  loss  in  visual  performance. 

Direct  glare:  glare  resulting  from  high-brightness  or  insufficiently  shielded  light 
sources  in  the  field  of  view,  or  reflecting  areas  of  high  brightness  and  large  area. 

Reflected  glare:  glare  resulting  from  specular  reflections  of  high-brightness  sources 
in  polished  surfaces  in  the  field  of  view. 

Interior  Lighting  Terms 

Luminaire:  a  complete  lighting  unit  consisting  of  a  lamp  or  lamps  together  with 
the  parts  designed  to  distribute  the  light,  to  position  and  protect  the  lamps,  and  to 
connect  the  lamps  to  the  power  supply. 

General  lighting:  hghting  designed  to  provide  a  uniform  level  of  illumination 
throughout   the   area  involved. 

Supplementary  lighting:  lighting  used  to  provide  a  specific  amount  or  quahty  of 
illumination  which  cannot  readily  be  obtained  by  the  general  lighting  system,  and  which 
supplements  the  general  lighting  system. 

Local  lighting:  illumination  provided  over  a  relatively  small  area  or  confined  space 
without  any  surrounding  general  lighting. 

Portable  lighting:  lighting  equipment  designed  for  manual  portability. 

Emergency  lighting:  a  lighting  system  designed  to  supply  illumination  essential 
to  safety  of  life  and  property,  in  the  event  of  failure  of  the  normal  supply. 

Hazardous  location:  an  area  where  ignitabie  vapors  or  dust  may  cause  a  fire  or 
explosion  created  by  energy  emitted  from  lighting  or  other  electrical  equipment. 

Explosion-proof:  enclosed  in  a  case  which  is  capable  of  withstanding  an  explosion 
of  a  specific  gas  or  vapor  which  may  occur  within  it,  and/or  preventing  the  ignition 
of  a  specific  gas  or  vapor  surrounding  the  enclosure  by  sparks,  flashes,  or  explosion  of 
the  gas  or  vapor  within.  It  must  operate  at  such  an  external  temperature  that  a 
surrounding  flammable  atmosphere  will  not  be  ignited  thereby. 

Vapor-tight:  designed  and  approved  for  installation  in  damp  or  wet  locations. 
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Dust-proof:  so  constructed  or  protected  that  dust  will  not  interfere  with  successful 
operation. 

Dust-tight:  so  constructed  that  dust  will  not  enter  the  enclosing  case. 
High   bay:    industrial   space   where    the   ceiling   or   truss   height   is   relatively   high, 
usually  above  25  or  30  feet. 

Low  bay:  industrial  area  where  the  ceiling  or  truss  height  is  relatively  low,  usually 
under  25  feet. 

Methods  of  luminaire  mounting: 

Surface-mounted  (ceiling-mounted):  mounted  directly  on  the  ceiling. 
Suspended,  pendant:  hung  from  the  ceiling  by  supports. 
Recessed:  mounted  above  the  ceiling,  or  behind  a  wall  or  other  surface. 
Flush-mounted:  mounted  above  the  ceiling  (or  behind  a  wall  or  other  surface), 
the  opening  of  the  luminaire  level  with  the  surface. 

Regressed:  mounted  above  the  ceiling,  the  opening  of  the  luminaire  above  the 
ceiling  line. 

Shielding  angle  (of  a  luminaire):  the  angle  between  a  horizontal  line  through  the 
light  center  and  the  line  of  sight  at  which  the  bare  source  first  becomes  visible. 

Cut-off  angle  (of  a  luminaire):  the  angle,  measured  up  from  nadir,  between  the 
vertical  axis  and  the  first  line  of  sight  at  which  the  bare  source  is  not  visible. 

Coefficient  of  utilization:  the  ratio  of  the  lumens  received  on  the  work  plane  to 
the  lumens  emitted  by  the  lamps. 

Work  plane:  the  plane  at  which  work  is  done,  and  at  which  illumination  is  specified 
and  measured.  Unless  otherwise  indicated,  this  is  assumed  to  be  a  horizontal  plane 
30  inches  above  the  floor. 

Inter fiectance:  the  ratio  of  the  lumens  received  on  the  work  plane  to  the  lumens 
emitted  by  the  luminaires. 

Room  ratio:  a  number  indicating  room  proportions,  calculated  from  length,  width, 
and  ceiling  height. 

Room  index:  a  letter  representing  a  range  of  room  ratios. 

Mounting  height:  the  distance  from  the  floor  to  the  light  center  of  the  luminaire. 

Spacing-to-mounting-height  ratio:  ratio  of  the  distance  between  luminaires  to  the 
mounting  height. 

Maintenance  factor:  the  ratio  of  the  illumination  on  a  given  area  after  a  period 
of  time  to  the  initial  illumination  on  the  same  area.  The  initial  illumination  may  be  at  a 
point  or  averaged  over  an  area,  but  the  final  illumination  must  be  evaluated  in  the  same 
manner.  The  time  at  which  the  final  value  is  measured  must  be  representative  of  the 
conditions  desired,  i.e.,  at  the  time  when  the  illumination  has  depreciated  to  a  minimum 
or  to  an  average  value  characteristic  of  the  cleaning,  servicing,  and  re-lamping  schedule. 
The  conditions  should  be  specified  by  referring  to  "M.F.  min."  or  "M.F."  avg."  The 
usual  meaning  is  taken  to  be  the  minimum  maintenance  factor. 

Troffer:  a  long  recessed  lighting  unit  usually  installed  with  the  opening  flush  with 
the   ceiling;   derived   from   "trough"  and  "coffer." 

Louverall  ceiling:  a  general  lighting  system  comprising  a  wall-to-wall  installation 
of  multi-cell  louvers  shielding  the  light  sources  mounted  above  it. 

Luminous  ceiling:  a  lighting  system  comprising  a  continuous  surface  of  diffusing 
material  with  light  sources  mounted  above  it. 

Cove  lighting:  a  system  comprising  light  sources  shielded  by  a  ledge  or  horizontal 
recess,  and  distributing  light  over  the  ceiling  and  upper  wall. 
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Cornice  lighting:  a  system  comprising  light  sources  shielded  by  a  panel  parallel 
to  the  wall  and  attached  to  the  ceiling,  and  distributing  light  over  the  wall. 

VaUince  lighting:  a  system  comprising  light  sources  shielded  liy  a  panel  parallel 
to  the  wall  at  the  top  of  a  window. 

Directional  lighting:  lighting  designed  to  illuminate  the  work  plane,  or  an  object, 
predominantly   from   a   preferred   direction. 

Accent  lighting:   directional  lighting  to  emphasize  a  particular  object. 

Mat  surface:  a  surface  from  which  the  reflection  is  predominantly  diffuse,  with  or 
without   a   negligible  specular   component. 

Aviation  Lighting  Terms 

Aeronautical  light:  any  luminous  sign  or  signal,  recognized  by  competent  authority, 
which  is  established,  maintained,  exhibited  or  operated  as  an  aid  to  air  navigation. 

Aeronautical  beacon:  a  light  specifically  provided  as  an  aid  to  air  navigation, 
visible  at  all  azimuths  either  continuously  or  intermittently,  used  to  designate  a  par- 
ticular location   on   the  surface   of  the  earth. 

Fixed  light:  a  light  having  a  constant  luminous  intensity  when  ob.served  from  a 
fixed  point. 

Flashing  light:  a  light  operated  to  have  luminous  periods  alternating  with  dark 
periods. 

Occulting  light:  a  flashing  light  which  has  the  luminous  periods  of  longer  duration 
than   the  dark   periods. 

Undulating  light:  a  light  operated  to  alternately  increase  and  decrease  in  luminous 
intensity   while  remaining  continuously  luminous. 

Linear  light:  a  luminous  signal  having  a  perceptible  physical  length. 

Conspicuity:  the  capacity  of  a  signal  to  stand  out  in  relation  to  its  background 
so  as  to  be  readily  discovered  by  the  eye. 

Visibility:  the  ability,  as  determined  by  atmospheric  conditions  and  expressed  in 
units  of  distance,  to  see  and  identify  prominent  unlighted  objects  by  day  and  prominent 
lighted  objects  by  night. 

Night:  the  hours  between  the  end  of  evening  civil  twilight  and  the  beginning  of 
morning  civil  twilight.  (Civil  twilight  ends  in  the  evening  when  the  center  of  the  sun's 
disk  is  6  degrees  below  the  horizon  and  begins  in  the  morning  when  the  center  of  the 
sun's  disk  is  6  degrees  below  the  horizon.) 

Daylighting  Terms 

Altitude:  the  angular  distance  of  a  heavenly  body  measured  on  that  great  circle 
which  passes  perpendicular  to  the  plane  of  the  horizon,  through  the  body  and  through 
the  zenith.  It  is  measured  positively  from  the  horizon  by  the  zenith,  from  0  to  90 
degrees. 

Azimuth:  the  angular  distance  between  the  vertical  plane  containing  a  given  line 
or  a  celestial  body  and  the  plane  of  the  meridian. 

Sun  bearing:  the  angle  measured  in  the  plane  of  the  horizon  through  which  a 
vertical  plane  at  a  right  angle  to  the  window  wall  must  be  rotated  to  contain  the  sun. 

Light,  sun:  direct  visible  radiation   form  the  sun   (solar  illumination). 

—  ,  sky:  vi.sible  radiation   from  the  sun   redirected  by  the  sky. 

— ,  ground:  visible  radiation  from  the  sun  and  sky  reflected  by  surfaces  below 
the  plane  of  the  horizon. 
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Sky,  clear:  less  than  30  per  cent  clouds  cover. 

—  ,  partly  cloudy:  30  to   70  per  cent  clouds  cover. 
— ,  cloudy:   more   than   70  per  cent  clouds  cover. 

—  ,  overcast:   100  per  cent  clouds  cover,  no  sun  visible. 

Solar  time:  time  measured  by  the  daily  motion  of  the  sun.  Noon  is  taken  at  the 
instant  in  which  the  center  of  the  sun  passes  the  observer's  meridian.  (This  is  the  time 
measured  by  sun  dials.) 

Clerestory:  that  part  of  a  building  which  rises  clear  of  the  roofs  of  other  parts, 
and  whose  walls  contain  windows  for  lighting  the  interior. 

Penetration:  any  opening  or  arrangement  of  openings  (normally  filled  with  media 
for  control)   for  the  admission  of  daylight. 

Orientation:  positioning  of  a  building  with  respect  to  compass  directions. 

Service  petiod  ;  number  of  hours  per  day  for  which  the  daylighting  system  pro- 
vides a  specified  illumination  level,  often  stated  as  a  monthly  average. 

Searchlighting  Terms 

Searchlight:  a  projector  designed  to  produce  an  approximately  parallel  beam  of 
light,  mounted  on  a  fixed  or  moving  platform,  and  having  an  optical  system  with  an 
aperture  of  eight  inches  or  more. 

Beacon:  a  projector  designed  for  communication  by  light  signals  or  to  indicate  a 
geographical  location. 

Train:  the  angle  between  the  vertical  plane  through  the  axis  of  the  searchlight 
drum  and  the  plane  in  which  this  plane  lies  when  the  searchlight  is  in  a  position 
designated  as  having  zero  train. 

Elevation:  the  angle  between  the  axis  of  the  searchlight  drum  and  the  horizontal. 
(If  the  searchlight  is  aimed  upward,  elevation  is  positive;  downward,  negative.) 

Vertical  plane  of  a  searchlight:  the  plane  which  is  perpendicular  to  the  train 
axis,  and  on  which  lies  the  elevation  axis. 

Horizontal  plane  of  a  searchlight:  the  plane  which  is  perpendicular  to  the  elevation 
axis,  and  on  which  lies  the  train  axis. 

Signal  shutter:  a  device  which  modulates  a  beam  of  light  by  mechanical  means 
for  the  purpose  of  transmitting  intelHgence. 

Atmospheric  transmissivity:  the  ratio  of  the  flux  incident  upon  a  surface  after 
passing  through  a  unit  thickness  of  the  atmosphere  to  the  fiux  which  would  be  incident 
on  the  same  surface  if  the  flux  had  passed  through  a  vacuum. 

Street  Lighting  Terms 

Lighting  unit:  the  assembly  of  pole  or  post  with  bracket  and  luminaire. 

Street  lighting  luminaire:  a  complete  lighting  device  consisting  of  a  hght  source 
together  with  its  direct  appurtenances,  such  as  globe,  reflector,  refractor,  housing,  and 
such  support  as  is  integral  with  the  housing.  The  pole,  post,  or  bracket  is  not  considered 
a  part  of  the  luminaire. 

Bracket  or  mast  arm:  an  attachment  to  a  lamp  post  or  pole  from  which  a  luminaire 
or  Ughting  fixture  is  suspended. 

Lamp  post:  a  standard  support  provided  with  necessary  internal  attachments  for 
wiring  and  external  attachments  for  brackets  and  luminaire. 

Pole:  a  standard  support  generally  used  where  overhead  lighting  distribution  cir- 
cuits are  employed. 
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Mounting  height:  the  vertical  distance  between  the  roadway  surface  and  the  center 
of  the  light  source  in  the  luminaire. 

Spacing:  the  distance  in  feet  between  successive  lighting  units,  measured  along  the 
center  line   of  a   street. 

Reference  line:  either  of  the  two  radial  lines  where  the  surface  of  the  cone  of 
maximum  candlepower  is  intersected  by  a  vertical  plane  parallel  to  the  curb  line  and 
passing  through  the  light  center  of  the  luminaire. 

Width  line:  the  radial  line  (the  one  which  makes  the  larger  angle  with  the  refer- 
ence line)  which  passes  through  the  point  of  one-half  maximum  candlepower  on  the 
lateral  candlepower  distribution  curve  plotted  on  the  surface  of  the  cone  of  maximum 
candlepower. 

Lateral  width  of  a  light  distribution:  the  lateral  angle  between  the  reference  line 
and  the  width  line,  measured  in  the  cone  of  maximum  candlepower.  This  angular  width 
includes   the   line   of   maximum   candlepower. 

Television  Lighting  Terms 

High-key  lighting:  a  type  of  lighting  which,  applied  to  a  scene,  results  in  a  pic- 
ture having  graduations  falling  primarily  between  gray  and  white ;  dark  grays  and 
blacks  are  present,   but  in   very  limited  areas. 

Low-key  lighting:  a  type  of  lighting  which,  applied  to  a  scene,  results  in  a  picture 
having  graduations  from  middle  gray  to  black,  with  comparatively  limited  areas  of  light 
grays  and  whites. 

Key  light:  the  apparent  principal  source  of  directional  illumination  falling  upon  a 
subject  or  area. 

Base  light:  uniform,  diffuse  illumination,  approaching  a  shadowless  condition, 
sufficient  for  a  television  picture  of  technical  acceptability,  and  which  may  be  supple- 
mented by  other  lighting. 

Fill  light:  supplementary  illumination  to  reduce  shadow  or  contrast  range. 

Cross  light:  equal  illumination  in  front  of  the  subject  from  two  directions  at  sub- 
stantially equal  and  opposite  angles  with  the  optical  axis  of  the  camera  and  a  hori- 
zontal plane. 

Back  light:  illumination  from  behind  the  subject  in  a  direction  substantially  parallel 
to   a  vertical  plane   through   the  optical  axis  of   the  camera. 

Side  back  light:  illumination  from  behind  the  subject  in  a  direction  not  parallel 
to  a  vertical  plane  through  the  optical  axis  of  the  camera. 

Set  light:  separate  illumination  of  background  or  set,  other  than  that  provided 
for  principal  subjects  or  areas  by  the  types  of  lighting  designated  by  the  six  preceding 
terms. 

Eye  light:  illumination  on  a  person  to  produce  a  specular  reflection  from  the  eyes 
(and  teeth)   without  adding  a  significant  increase  in  light  on  the  subject. 


CHAPTER  2 

LIGHTING  OF  FIXED  PROPERTIES 

PART   1— OUTDOOR  AREA  LIGHTING 

Delete  in  its  entirety   the  present   material  under  Part    1 — Outdoor  Area   Lighting, 
pages  2-1-1  to  2-1-10,  incl..  substituting  therefor  the  following  new  text. 
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General 

Adequate  lighting  of  railroad  yards,  work  tasks  and  areas,  storage  areas  and  plat- 
forms is  essential  to  promote  safety  to  personnel,  expedite  operations,  and  reduce 
pilferage  and  damage. 

The  purpose  of  this  Chapter  of  the  Manual  is  to  present  recommended  illumina- 
tion levels  applicable  to  the  varied  tasks  encountered  on  railroad  properties  and  to  guide 
the  lighting  designer  in  the  proper  application  of  the  lighting  medium  to  assure  satis- 
factory visibility  to  all  concerned.  Included  are  descriptions  of  the  visual  tasks  encoun- 
tered on  railroad  properties,  design  data,  and  pictorial  illustrations  of  typical  lighting 
installations. 

Recommended  levels  of  illumination  included  herein  were,  in  many  cases,  deter- 
mined by  scientific  evaluation  of  the  seeing  tasks,  and  the  Manual  material  presented 
in  Chapter  2  is  a  joint  effort  of  the  Illuminating  Engineering  Society,  Outdoor  Produc- 
tive Areas  subcommittee  of  the  Industrial  Lighting  Committee,  together  with  personnel 
from  A.A.R.  Lighting  Committee  and  AREA  Committee  18. 

Railroad  properties  can  be  divided  into  general  areas  which  have  different  seeing 
tasks  within  them.  By  considering  each  type  of  property  separately,  and  further  break- 
ing down  each  type  into  areas  involving  specialized  seeing  tasks,  specific  levels  of  illumi- 
nation can  be  recommended  that  cover  most  variations  among  individual  railroads. 
Refer  to  Table  I  for  recommended  illumination  levels.  Different  levels  may  be  required 
if  closed  circuit  television  is  utilized  to  aid  in  operations. 

Railroad  regulations  should  be  observed  with  respect  to  the  location  of  any  lighting 
equipment  above  or  adjacent  to  tracks. 

Retarder  Classification  Yards 

(a)  General 

The  large  and  often  highly  automated  retarder  classification  yard,  with  its  sup- 
porting yards  and  servicing  faciUties,  presents  a  number  of  different  seeing  tasks  that 
are  considered  under  the  following  locations   (See  Fig.   1): 

(b)  Receiving    Yard 

Inbound  freight  trains  generally  pull  into  a  receiving  yard  where  road  locomotives 
and  cabin  cars  are  uncoupled  and  moved  to  servicing  or  storage  tracks.  Air  lines  between 
cars  may  be  disconnected,  cars  may  be  inspected,  journals  lubricated,  axles  tested,  etc. 
A  locomotive  then  pushes  the  cars  to  the  hump  for  classification. 

Seeing  tasks  throughout  the  area  consist  of  walking  between  cars,  bleeding  air 
systems,  opening  journal  box  covers,  and  observing  air  hoses,  safety  appliances,  etc. 

(c  and  d)    Hump  Area 

The  hump  area  includes  those  facilities  between  the  leaving  end  of  the  receiving 
yard  and  the  entering  end  of  the  main  retarder.  Located  in  this  area  are  the  hump 
conductor,  scale  operator,  and  the  car  uncoupler.  Special  facilities  in  this  area  may 
include  a  car  inspection  pit,  broken  wheel  flange  detector,  automatic  journal  lubricator 
and  a  facility  to  insert  disposable  wedges  into  couplers  to  insure  that  they  are  held 
open  for  coupling  to  other  cars  in  the  yard.  In  some  yards,  a  hump  conductor  operates 
remotely  controlled  power  switches  to  route  the  car  onto  the  proper  track  in  the 
classification  yard. 

Seeing  tasks  in  the  hump  area  are  diversified.  The  scale  operator  is  usually  required 
to  visually  check  each  car  number  to  insure  that  the  weight  is  recorded  against  the 
proper  car.  The  hump  conductor  also  should  confirm  the  car  number  against  his  list, 
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to  insure  that  the  car  is  sent  to  the  proper  yard  track.  The  car  inspectors  must  have  a 
high  level  of  light  on  the  underneath  surfaces  of  the  cars  and  on  the  running  gear  to 
permit  ready  and  precise  inspection  of  a  car  that  is  in  motion.  The  inspector  also  often 
determines  whether  the  car  has  a  roller  bearing  journal  and  pushes  a  by-pass  arrange- 
ment to  prevent  waste  of  oil  by  the  automatic  journal  lubricator,  if  used.  The  car 
uncoupler  should  be  able  to  see  the  uncoupling  mechanism  in  order  to  safely  reach  it 
while  the  car  is  in  motion.  The  operator  of  the  wtdge  inserter,  if  one  is  used,  must  be 
able  to  accurately  see  the  coupler  in  order  to  apply  the  wedge,  again  with  the  car 
in   motion. 

The  hump  conductor,  car  inspector,  car  uncoupler  and  wedge  operator  should  have 
supplemental  lighting,  in  addition  to  general  lighting  in  the  hump  area  as  indicated  in 
Table  I. 

(e)  Control  Tower  and  Retarder  Area 

Many  retarder  classification  yards  are  equipped  with  various  melhcds  for  deter- 
mining car  speed,  "rollability,"  track  occupancy,  etc.  These  devices  automatically  set 
retarders  to  permit  a  car  to  roll  from  the  hump  to  its  proper  position  in  the  yard 
without  action  by  the  control  tower  operator.  Other  less  automated  yards  may  require 
the  operator  to  visually  check  the  extent  of  track  occupancy  in  the  yard,  gage  the 
speed  of  the  car  coming  from  the  hump  and  manually  set  the  amount  of  retardation 
to  be  applied  to  the  car.  Even  in  the  automated  yard,  the  operator  may  also  be  required 
to  do  this  manually  in  the  event  of  failure  of  one  or  more  of  the  automatic  features. 
In  many  yards,  the  control  tower  operator  is  expected  to  check  the  car  number  against 
a  switching  list  and  see  that  the  car  goes  to  the  correct  track.  Accordingly,  it  is  essential 
that  the  operator  quickly  and  accurately  identify  the  moving  car. 

Under  clear  atmospheric  conditions,  it  is  important  that  there  be  no  direct  light 
projected  toward  the  operator,  and  this  covers  a  considerable  angle.  However,  under 
adverse  atmospheric  conditions  of  dense  fog,  for  example,  it  is  general  practice  to  utilize 
auxiliary  lighitng  equipment  on  the  far  side  of  the  tracks  opposite  the  retarder  control 
tower  which  will  reveal  the  outlines  of  cars  in  silhouette. 

(f)  Head  End  of  Classification    Yard 

After  a  car  is  classified  and  leaves  the  retarders,  it  rolls  along  one  of  several  "lead" 
tracks  with  various  switches  branching  off  each  lead  track  into  the  classification  yard 
tracks.  The  operator  should  be  able  to  see  that  the  car  actually  clears  switch  points  and 
clearance  points  so  that  following  cars  will  not  be  impeded  or  perhaps  damaged.  If  a 
car  does  not  clear,  a  locomotive  enters  the  yard  to  move  the  car,  and  if  for  some  reason 
a  car  is  sent  down  the  wrong  yard  track,  the  locomotive  must  pull  it  back.  Some 
highly  automated  yards  have  indicating  systems  to  show  locations  of  all  cars  and  track 
occupancy  conditions  on  the  classification  tracks.  Again,  if  automated  features  fail,  it  is 
as  important  for  the  operator  to  be  able  to  see  yard  conditions  as  accurately  in  the 
automated  yard  as  in  the  less  automated  one. 

(g)  Body  of  Classification   Yard 

A  relatively  large  number  of  parallel  tracks  form  the  body  of  the  classification 
yard.  Cars  having  a  common  initial  destination  are  sent  from  the  hump  to  a  given 
track  in  the  classification  yard.  In  many  yards,  the  operator  must  be  able  to  see  the 
body  of  the  yard  sufficiently  well  to  determine  the  extent  of  track  occupancy.  On  some 
railroads,  men  are  required  to  move  along  cars  in  the  body  of  the  classification  yard 
to   couple  air  hoses,   pack  journal  boxes,  close  journal  box  covers,  etc.  At  the  leaving 
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end  of  the  body  of  the  classification  yard,  skatemen  place  track  skates  to  stop  moving 
cars  at  the  desired  location  and  remove  the  skates  later  for  pullout.  Some  yards  use 
automatic  car  stoppers  instead   of  skates. 

(h)   Pull-Out  End  of  Classification   Yard 

The  pull-out  end  of  the  classification  yard  includes  the  area  where  yard  tracks 
converge  into  one  or  more  ladder  tracks  in  leaving  the  yard.  In  this  area,  switchmen 
may  walk  along  the  track,  ride  standing  on  switcher  step,  cling  to  the  end  car  to 
observe  switch  position,  or  step  down  while  still  in  motion  to  throw  switches  as 
required. 

Two  or  more  ladder  tracks  may  converge  into  two  pull-out  tracks  connected  by 
crossovers  and  also  connected  to  the  lead  tracks  to  the  departure  or  local  yards.  Switches 
for  crossovers  and  lead  tracks  are  sometimes  power-operated  from  an  adjacent  control 
point  by  the  switchmen  with  consequent  increased  switching  speeds.  Switchmen  must  be 
able  to  see  that  the  switches  take  the  position  directed  by  the  controls. 

(i)   Dispatch  or  Forwarding  Yard 

Some  railroads  pull  strings  of  cars  from  classification  tracks  into  a  dispatch  yard 
to  make  up  a  train.  Here,  air  hoses  are  coupled,  journal  boxes  are  inspected,  their 
covers  closed,  and  perhaps  other  inspections  are  made.  As  in  the  receiving  yard,  the 
main  seeing  task  in  the  dispatch  yard  consists  of  walking  between  tracks. 

Hump   and   Car   Rider   Classification  Yards 

General 

In  contrast  to  the  often  highly  automated  retarder  classification  yards,  there  are 
many  yards  that  do  not  use  retarders  and  tower  operators  for  classification  of  cars. 
This  type  of  yard,  referred  to  as  the  "hump  and  car  rider"  classification  yard,  depends 
upon  manpower  for  operation.  An  incoming  freight  train  is  pushed  to  the  hump  where 
it  is  uncoupled  and  a  car  rider  climbs  aboard  each  car,  or  "cut"  of  a  few  cars.  The  cars 
are  allowed  to  roll  from  the  hump  toward  the  classification  yard  tracks,  where  switch- 
men, often  directed  by  a  loudspeaker  from  the  hump,  manually  operate  switches  to 
permit  the  car  to  roll  onto  the  proper  track.  As  the  car  rolls  along  its  classification 
track,  the  car  rider  gages  the  distance  to  other  cars  on  the  track  and  manually  applies 
the  car  brakes,  by  turning  the  brake  wheel,  to  slow  the  car  so  that  the  impact  will  not 
be  severe.  Upon  stopping  the  car,  the  rider  gets  off  and  walks  back  to  the  hump  to 
repeat   the   riding  cycle. 

This  type  of  classification  yard  may  be  supported  by  a  receiving  yard  and  a  dis- 
patch yard  where  the  same  seeing  tasks  are  encountered  as  in  their  retarder  yard 
counterparts. 

The  seeing  tasks  in  the  classification  yard,  and  around  the  hump,  are  considerably 
different  in  the  rider-type  yard  than  in  the  retarder  yard.  Around  the  hump  area,  a 
yard  clerk  should  be  able  to  read  car  numbers,  cars  must  be  uncoupled,  and  car  riders 
must  be  able  to  see  grab  irons,  ladders,  etc.,  to  safely  climb  onto  the  cars.  Switchmen 
operating  along  the  lead  track  must  have  safe  seeing  conditions  to  enable  them  to 
walk  along  the  lead  track  and  operate  switches.  Car  riders  on  the  cars  rolling  into  the 
yard  should  be  able  to  see  cars  on  the  track  ahead  so  that  they  can  brake  adequately 
to  reduce  impact  and  prevent  consequent  damage  to  lading.  The  rider  must  then  be 
able  to  see  to  get  off  the  car  and  walk  back  along  yard  tracks  to  the  hump. 
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Flat  Switching  Yards 

General 

Nearly  all  railroads  have  many  relatively  small  flat  switchinR  yards  on  their 
systems.  Often  a  flat  switching  yard  is  located  adjacent  to  an  industrial  area  where  cars 
are  received  from  industries  and  at  some  period  of  the  day,  or  night,  these  cars  are 
moved  to  a  larger  classification  yard  for  further  fowarding.  Empty  cars  may  also  be 
returned  to  the  flat  switching  yard  for  distribution  locally  to  industries  for  loading. 
Operations  at  the  flat  switching  yard  consist  of  a  switchman  at  the  head  end  operating 
one  of  perhaps  half-dozen  or  so  switches  to  permit  a  locomotive  to  push  or  pull  cars 
onto  a  given  track  in  the  yard.  The  locomotive  may  then  return  for  more  cars  and 
push  or  pull  them  onto  another  track,  etc.,  until  the  cars  are  arranged  in  the  desired 
order  on  the  yard  tracks,  from  which  the  cars  are  pulled  out  to  move  to  some  other 
location. 

The  only  seeing  requirement  in  most  yard  areas  of  this  type  is  for  safe  walking 
conditions  for  switchmen  around  the  head  end  and  pull-out  end  switches.  A  yard  super- 
visor may  also  be  required  to  read  car  numbers  at  the  head  end  of  the  yard  in  order 
to  assign  cars  to  their  proper  tracks.  A  locomotive  pushes  cars  into  the  body  of  the 
yard,  and  in  most  cases,  the  locomotive  headlight  furnishes  sufficient  light  to  provide 
adequate  seeing  for  the  locomotive  engineer. 

General  lighting  is  recommended  over  the  entire  yard  to  permit  switchmen  to  see 
the  location  of  standing  cars.  Additional  light  should  be  provided  in  the  area  of  the 
switches  at  the  head  end  and  pull-out  end  of  the  yard. 

If  a  yardmaster  or  yard  clerk  must  read  car  numbers,  local  lighting  must  be 
provided  at  his  location. 

Trailer-on-Flatcar  Yards 

General 

Hauling  highway-type  trailers  loaded  on  special  railroad  flatcars  has  grown  rapidly 
in  recent  years.  There  are  several  types  of  flatcars  in  use,  and  several  methods  of  placing 
trailers  on  them.  One  of  the  most  prevalent  methods  in  use  is  to  provide  a  ramp  leading 
from  the  ground  level  up  to  the  floor  level  of  the  flatcars.  The  trailer  is  backed  up  the 
ramp  by  highway  tractor,  then  backed  or  pushed  from  one  flatcar  to  the  next  until 
it  is  on  its  prescribed  car,  working  from  the  back  car  forward.  Certain  specialized 
methods  are  used  in  some  places  to  lift  and  pivot  the  trailer  onto  flatcars  from  the 
side.  Once  the  trailers  are  on  the  flatcars,  most  railroads  use  specialized  tie-down 
equipment  and  methods  to  secure  the  trailers  for  shipment  by  rail. 

Seeing  tasks  involved  require  the  tractor  operator  to  be  able  to  back  up  or  drive 
along  the  floor  of  the  flatcars,  uncouple  the  tractor  and  pull  off.  Men  must  then  tie 
down  the  trailers  to  the  flatcars,  requiring  them  to  be  able  to  see  beneath  the  trailers. 

Container-on-Flatcar  Yards 

General 

In  container-on-flatcar  yards,  demountable  load  containers  are  detached  from  the 
trailer  and  loaded  onto  the  railroad  flatcars,  or  vice  versa,  by  crane.  Usually,  the  trailers 
are  lined  up  parallel  with  the  flatcars.  A  crane  straddling  both  the  trailers  and  flatcars 
picks  up  the  demountable  containers  and  places  them  on  the  cars. 

The  seeing  task  involves  the  transfer  of  the  container  between  the  trailer  wheel 
frame  and  the  flat  car.  also  locating,  releasing,  and  tying  down  of  the  container. 

Other  types  of  container-on-flatcar  operations  may  employ  different  methods  of 
loading  and   unloading,  but  the  illumination   required  is  similar. 
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Table  I — Levels  of  Illumination* 


Recommended** 

Location 

Area  to  Be  Lighted 

Ilhimination 

Reference 

Seeing  Tasks — 

Level 

(.-.rc 

Operation  Performed 

{Footcattdles) 

Fig.  I ) 

T_ 

Retarder  Classification  Yard 
1.  Receiving  Yard 

1.  Walking  between  cars,  bleed- 

a. Switch  points — incoming  end 

2.0 

A 

ing  air  systems,  opening  jour- 

b. Body  of  yard 

1.0 

B 

nal  box  covers,  inspecting  air 

0.   Switch  points — hump  end 

2.0 

C 

hoses  and  safety  appliances, 
etc. 

2.  Hump  Area 

a.  Entire  side  of  car  in  view  of 

20.0 

D 

2.  Scale  operator  checks  car  num- 

scale operator  and  in  view  of 

bers  and  weights,  hump  con- 

hump conductor. 

ductor    confirms    car    number 

b.  Underneath  car  and  both  sides 

20 . 0  vertical 

and  sends  car  to  proper  track; 

of  running  gear  from  a  point 

inspection  of  running  gear 

approximately    10    feet   ahead 

while  car  is  in  motion;  inspec- 

of inspection  pit  to  a  point  just 

tor  prevents  automatic  journal 

past  inspection  pit. 

lubricator    from    operating    if 

c.   On  side  of  car  as  it  approaches 

20.0  vertical 

car    has    roller    bearing:    cou- 

car uncoupler  (pin  puller),  from 

pling  must  be  easily  seen  so 

a  point  approximately  15  feet 

wedge  can  be  applied  with  car 

ahead   of   his   position   to   ap- 

in motion. 

proximately  5  feet  past. 

d.  On  front  of  car  as  it  approaches 

20.0  vertical 

wedge   inserter,   from   a   point 

approximately  15  feet  ahead  of 

his  position  to  approximately 

5  feet  past. 

3.   Control  Tower  &  Retarder  Area 

a.  In  a  vertical  plane  parallel  to 

10.0  vertical 

E 

3.  Check   extent   of   track   occu- 

the tracks  and  at  a  point  6  feet 

pancy,  gauge  .speed  of  car  com- 

above the  center  of  hump  and 

ing  from  hump  and  manually 

retarder  tracks;  if  an  illumina- 

set retardation ;  check  car  num- 

tion meter  is  used  to  check  an 

ber  against  switching  list  and 

installation  it  should  be  aimed 

see   that   car   goes    to   correct 

in  a  direction  perpendicular  to 

track  at  correct  speed. 

the    tracks    and    toward    the 

tower  side. 

4.  Head  End 

4.  Operator  must  see  car  actually 

a.  Top  of  rails  throughout  head 

5.0 

F 

clear  switch  points  so  that  fol- 

end on  all  "lead"  tracks. 

lowing  cars  will  not  be  im- 
peded and  take  corrective  ac- 
tion, if  necessary. 

5.  Body 

a.  Top  of  rails  throughout  body 

1.0 

G 

5.  Walking,  determine  extent  of 

of  classification  yard. 

track  occupancy;  couple  air 
hoses,  pack  journal  boxes, 
close  journal  box  covers,  place 
and  remove  track  skates,  etc. 

6.  Pull-Out  End 

a.  Top  of  rails  along  switch 

2.0 

H 

ti.  Walking,  determine  switch  po- 

tracks. 

sitions  and  operate  them,  if 
necessary. 

7.   Dispatch  or  Forwarding  Yard 

7.   Walking,     couple     air     hoses. 

a.  Top  of  rails 

1.0 

I 

journal  boxes  inspected,  close 
journal  box  covers,  etc. 

*A11  footcandle  values  are  assumed  to  be  in  the  horizontal  plane  and  measured  at  rail  elevation  unless 
otherwise  specified. 

♦♦Recommended  illumination  levels  are  considered  to  be  minimum  on  the  task  at  all  times.   Different 
levels  may  be  required  if  closed-circuit  television  is  utilized  to  aid  in  the  operation  of  the  yard. 
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Table  I — Levels  of  Illumination — Continued 


Recommended** 

Location 

Area  to  Be  Lii/htcd 

Illumination 

Reference 

Seeing  Tasks — 

Level 

(see 

Operaiioyi  Performed 

(Fontcandles) 

Fi(l.  1 ) 

II.   Hump    &    Car    Rider    Classification 

Yard 

] .   Receiving  Yard 

1 .   Switchmen    walk    along    lead 

a.  Switch  points 

2.0 

tracks    and    throw    switches. 

b.  Body  of  yard 

1.0 

Car  riders  on  rolling  cars  must 
see  cars  on  tracks  ahead  of 
them  so  that  they  can  apply 
brakes  adequately  to  reduce 
impact  and  prevent  damage. 
Car  rider  must  see  to  get  off 
car  and  walk  back  along  yard 
tracks  to  hump. 

2.  Hump  Area 

2.  Y'ard  clerk  reads  car  numbers, 

a.  Side  of  car 

5.0  vertical 

uncouples  cars,  car  rider  must 

b.  Entire  area 

5.0 

see  grab  irons  and  ladders  to 
safely  climb  onto  cars. 

III.  Flat  Switching  Yards 

a.   Side  of  car  when  viewed  by 

5.0  vertical 

Switchmen  walking  around  in 

yard  supervisor 

head-end  and  pull-out  end  of 

b.  Switch  points 

2.0 

yard.  Y'ard  supervisor  may 
also  have  to  read  car  numbers 
at  head-end  of  yard. 

IV.  Trailer-on-Flatcar  Y'ards 

a.  Horizontal  surface  of  flat  car 

5.0 

Tractor   operator   must   accu- 

b. Hold  down  points 

5.0  vertical 

rately  back  up  or  drive  along 
tops  of  flatcars,  uncouple  trac- 
tor, pull  off;  men  must  tie 
down  trailers  to  flatcars  which 
requires  them  to  see  beneath 
the  trailers. 

V.  Container-on-Flatcar  Y'ards 

5.0 

Crane  operators  to  pick  up 
containers  from : 

a)  any    part    of    the    trailer 
parking   yard   and   place 
them    precisely    on    flat- 
cars. 

b)  flatcars    to   precise   loca- 
tions on  trailers. 

Men  tie  down  and  release  con- 
tainers from  all  sides  of  ve- 
hicles. 
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Part  B 
Reading   Numbers  of  Freight  Cars  in  Motion 

General 

As  a  part  of  the  operation  of  directing  and  recording  the  movement  of  freight  cars, 
it  IS  the  practice  in  major  freight  yards  to  observe  and  record  the  numbers  of  all 
incoming  cars. 

Since  entry  into  these  yards  is  usually  from  two  or  more  directions,  the  general 
practice  has  been  to  establish  observation  points,  such  as  towers  or  other  buildings  at 
each  entrance  with  a  yard  clerk  on  continuous  duty  at  each  location. 

This  results  in  a  situation  where  the  work  done  at  any  one  point  may  be  only 
that  for  one  or  two  trains  per  shift.  Each  train  requires  approximately  30  or  40  min 
of  work.  The  work  done  by  each  clerk,  consists  of  observing  and  recording  on  tape  or 
in  writing  the  number  of  each  car  as  it  passes.  As  the  rear  end  passes,  the  conductor 
drops  off  the  waybills,  which  with  the  car  number  record  are  used  to  compile  a  switch 
list.  The  car  number  record,  waybills,  with  or  without  the  switch  Hst,  are  transmitted 
to  the  control  yard  office.  Transmittal  of  these  records  is  sometimes  accomplished  by 
pneumatic  tube,   and  illumination  is   not   ordinarily  involved. 

An  alternate  method  of  observing  and  recording  passing  car  numbers  has  been 
devised  which  uses  closed  circuit  television.  In  this  method  cars  are  scanned  by  a  tele- 
vision camera  as  they  pass  and  the  picture  is  transmitted  directly  by  closed-circuit 
television  to  a  receiver  in  the  central  control  yard  office.  A  single  clerk  at  the  central 
office  can  then  observe  and  record  the  numbers  of  all  incoming  freight  cars.  If  two 
trains  enter  the  receiving  yard  simultaneously,  one  can  be  recorded  by  means  of  a 
microfilm  camera  with  automatic,  rapid,  film  processing. 

The  lighting  problems  involved  in  this  method  are  the  subject  of  this  study.  In 
general  the  method  presently  employed  in  observing  car  numbers  by  television  is  to 
install  a  television  camera  at  a  point  on  each  incoming  track  approximately  where 
the  train  leaves  the  main  track  or  at  a  point  where  it  enters  the  receiving  yard.  Such 
camera  installations  are  usually  one  of  two  types — enclosed  or  open. 

There  are  several  vital  conditions  which  are  common  to  both  types  and  which 
must  be  satisfied  in  order  to  obtain  a  satisfactory  picture.  Basically  these  are: 

1.  Sufficient  light  must  be  imposed  on  the  car  side  at  all  elevations  from  2  ft 
above  the  rail  to  12  ft  above  the  rail  for  the  length  of  the  picture  area — 
approximately  20  ft.  It  is  desirable  that  the  intensity  be  as  uniform  as  possible. 

2.  The  light  imposed  must  be  of  such  direction  that  there  is  a  minimum  of 
specular  reflection  back  into  the  lens  of  the  camera  from  any  surface. 

3.  Cameras  for  this  service  are  usually  equipped  with  an  automatic  iris,  which, 
however,  is  not  fast  enough  to  accommodate  a  sudden  flash  of  light.  There- 
fore, provision  should  be  made  to  assure  that  the  videcon  tube  is  protected 
from  sudden  changes  of  light  such  as  between  ends  of  cars  or  other  flashes 
due  to  headlights  or  reflections.  Rainy  weather  often  produces  objectionable 
reflections. 

The  Seeing  Task 

In  general  the  seeing  task  involved  in  the  use  of  television  for  reading  car  letters 
and  numbers  is  such  that  the  camera  must  be  able  to  produce  a  legible  picture  within 
an   area   approximately    12    ft  high   and    12   to   20   ft   long  moving  in   a   direction   per- 
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pendicular  to  the  line  of  vision  at  a  speed  up  to  12  mph  in  all  kinds  of  weather  and 
in  day  or  night  time.  A  speed  of  12  mph  means  that  from  the  time  the  20-ft  picture 
area  begins  to  enter  the  picture  until  the  end  of  this  area  leaves  the  picture,  2.27  sec 
will  have  elapsed.  It  is  in  this  time  that  the  complete  initials  and  number  must  be 
observed  and  recorded. 

Day  and  night  operation  make  an  automatic  iris  on  the  camera  imperative.  Cameras 
for  viewing  cars  on  more  than  one  track  may  be  located  back  far  enough  to  accommo- 
date both  tracks  with  a  nominal  loss  of  clarity,  or  an  automatic  lens  changer  may  be 
used.  Performance  of  the  camera  should  equal  that  of  the  human  eye. 

The  lighting  problem  is  to  provide  illumination  on  the  car  side  of  sufficient  intensity 
and  at  the  proper  angle  to  meet  the  above  seeing  task.  This  can  be  accomplished  by 
either   of   two   methods,   broadly   classified   as  controlled  and  uncontrolled. 

The  types  of  surfaces  to  be  pictured  consist  of  a  number  of  shapes,  each  of  which 
presents  its  own  problem.  These  may  be  grouped  as: 

Box  cars 

Container  or  TOFC  cars 

Automobile  cars,  inside  loading 

Automobile  cars,  two  or  three  level 

Gondola  cars 

Hopper  cars 

Tank  cars 

Flatcars 

Depressed-body  flatcars 

The  lighting  system  should  meet  the  illumination  requirement  for  all  types  of  cars. 

The  box  car  presents  the  easy  solution  in  that  it  has  a  flat  solid  vertical  surface. 
The  inside-loading  automobile  car  has  a  solid  vertical  side  with  horizontal  corrugations 
which  makes  a  vertical  angle  of  projected  light  necessary. 

The  gondola  and  hopper  cars  present  a  flat  vertical  surface  of  less  than  full  height 
or  broken  surface. 

The  tank  car  has  a  vertically  curved  surface  in  which  some  point  will  produce 
a  direct  reflection  into  the  camera  lens  unless  a  horizontal  angle  of  projection  is  provided. 

For  the  flat  and  depressed-body  cars  the  numbers  are  from  2  to  4  ft  above  the  rail 
and  are  often  protected  by  the  overhang  of  the  car  floor.  This  will  require  special 
lighting  which  will  not  interfere  with  the  lighting  of  all  other  car  surfaces. 

The  Controlled  Type 

For  the  controlled  type  of  installation  a  special  housing  is  usually  constructed,  in 
which  the  camera,  lighting  and  the  picture  area  of  the  car  are  enclosed.  This  provides 
complete  control  of  the  weather  and  lighting  at  the  instant  of  observation.  Under 
these  conditions,  except  for  an  occasional  whisp  of  stray  fog,  there  is  no  interference 
in  the  transmission  of  the  imposed  and/or  reflected  lighting,  and  an  initial  intensity 
of  uniform  lighting  on  the  car  side  of  100  fc  has  been  found  to  be  adequate. 

This  system  of  illumination  for  reading  car  numbers  involves  the  use  of  a  building 
approximately  30  ft  wide  and  SO  to  60  ft  long,  in  which  the  track  runs  transversely 
through  one  end  with  the  camera  located  toward  the  other  end  from  15  to  25  ft  from 
the  car  side. 

The  lighting  fixtures  can  be  located  near  track  level  to  shine  upward  against  the 
car  side  without  interference  from  the  weather  and  largely  without  vandalism.  Cameras 
can  be  located  approximately  6  ft  above  the  top  of  the  rail,  channeled  and  focused  to 
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Fig.   1 — Typical  building  for  controlled  type  of  TV  installation. 


Fig.  2 — Lighting  and  camera  mountings  for  two  TV  cameras — controlled 
type,  train  speed,  10  mph. 
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Fig.  3 — Typical  uncontrolled  type  of  TV  installation  serving  three 
tracks,  two  in  foreground,  one  in  middle.  High  hedge  in  background  is 
utilized   as   a   barrier. 
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TYPICAL    FLOOOUGHT   AIMINQ   FOR  ILLUMIN^T\NAT\NG   C/VR  ^\OES   FOR  TELEVISION    CAMCRAS 


Fig,  4 — Sketch  of  layout  and  aiming  for  facility  shown  in  Fig.   3, 
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Fig.    5- 


-Battery  of  TV   receivers   for  multiple  uncontrolled 
camera  installations. 


picture  an  area  approximately  20  ft  lon^  and  12  ft  high.  Two  cameras  can  be  used  in 
tandem,  each  to  cover  an  area  12  ft  by  12  ft  with  the  cameras  located  12  ft  apart.  An 
overlay  of  the  picture  can  be  obtained  with  closer  camera  spacing. 

In  this  method  the  light  imposed  on  the  subject  is  almost  completely  controlled. 
There  is  no  problem  caused  by  a  flash  of  light  between  car  ends  or  over  flatcars,  and 
if  the  building  is  faced  in  the  proper  direction,  there  is  no  problem  with  the  rising  or 
setting  sun.  Interference  caused  by  headlamps  is  eliminated. 

In  the  controlled  method  a  uniform  light  intensity  of  100  fc  imposed  on  the  car 
side  has  been  found  to  be  adequate,  and  being  imposed  from  a  low  and  close  location, 
specular   reflection   does  not   become   an   objectionable   feature. 

In  those  states  which  require  an  8-ft  clearance  of  all  structures  from  center  of 
track,  it  may  be  necessary  to  extend  the  end  wall  behind  the  cars  to  control  the  flash 
of  light  between  car  ends.  This  may  also  be  necessary  if  the  morning  or  evening  sun 
causes  interference. 

Uncontrolled  Type 

For  the  uncontrolled  type  in  which  only  the  camera  and  camera  control  equipment 
are  enclosed  in  a  housing,  there  are  a  number  of  conditions  that  should  be  considered 
that  do  not  exist  in  the  controlled  type. 

The  open  or  outdoor  type  of  installation  has  none  of  the  advantages  of  the  controls 
inherent  in  the  enclosed  type.  Therefore,  the  location  of  the  camera,  its  elevation  and 
distance  from  the  cars,  and  the  angle  of  scanning  are  dictated  by  the  rising  or  setting 
sun,  by  adjacent  traffic  to  avoid  headlights,  and  must  be  shielded  in  the  background  to 
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protect  against  the  flash  of  light  at  car  ends,  etc.  The  location  of  the  camera  must  be 
such  that  lighting  can  be  applied  to  give  a  satisfactory  picture. 

The  equipment  and  lighting  in  all  cases  should  be  far  enough  from  the  car  side 
to  afford  adequate  structural  clearance.  The  camera  should  face  somewhat  downward 
to  avoid  rain  or  snow  or  accumulated  dust  on  the  lens. 

The  lighting  should  be  directed  downward  and  to  the  side  at  such  an  angle  as  to 
prevent  specular  reflection  into  the  camera  from  all  surfaces  of  the  cars  scanned;  also 
to   minimize   the  spill   light   which   may   be   objectionable. 

The  light  should  be  uniform  and  of  sufficient  intensity  to  illuminate  the  picture 
area  with  an  average  250  fc.  In  most  cases  the  advance  warning  time  of  approaching 
train  will  not  exceed  2  to  3  min;  therefore,  consideration  should  be  given  the  selection 
of  the  light  source. 

Incandescent  lamps  reach  full  output  in  less  than  1  sec,  whereas  mercury-vapor 
lamps,  which  are  a  better  source  of  light  for  this  application,  require  5  to  10  min  to 
achieve  full  brightness. 

Crossed  beams  which  would  give  excessive  intensity  in  the  space  between  car  side 
and  camera  must,  as  far  as  possible,  be  avoided  in  order  to  reduce  the  reflection  which 
might  develop  in  rain  drops  sufficient  to  interfere  with  the  picture. 

Lights  and  camera  should  be  kept  at  an  elevation  above  casual  interference 
by  vandals. 

For  the  problem  of  a  flash  of  light  between  car  ends  or  over  flatcars,  etc.,  it  has 
been  found  satisfactory  to  erect  a  barrier  from  3  ft  above  the  ground  to  16  ft  height 
and  approximately   30  ft  long. 

Care  should  be  exercised  in  the  selection  of  the  lighting  area  and  in  aiming  the 
fixtures  to  minimize  stray  light  that  could  create  a  condition  adverse  to  adjacent 
property  owners,  street   or  highway  traflic  or  railroad  operation. 


Part  C 
Lamps  for  Railroad  Applications 

General 

The  following  information  and  data  covers  the  improvements  made  on  existing 
lamps  and  newly  developed  lamps  that  are  being  used  or  have  application  in  the 
railroad   industry. 

Improvements  in  Fluorescent  Lamps 

In  1959  a  redesigned  40-w  fluorescent  lamp  was  introduced  by  one  manufacturer. 
The  redesigned  lamp  could  be  used  in  either  preheat  or  rapid-start  circuits.  This  lamp 
also  had  a  substantial  gain  in  lumen  output  over  similar  40-w  fluorescent  lamps.  These 
advantages  were  made  possible  by  new  phosphors,  new  anodes  and  a  change  in  the 
gas  pressure  and  gas  mixture. 

Now  the  design  features  of  these  lamps  are  standardized  in  the  majority  of  40-w 
fluorescent  lamps. 
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Lamp  Data 


Lamp  Orderiitfi 
AMircrialion 

Xomi- 

nal 
Lenyth 

Xuvii- 

nai 
Watts 

lias, 

Std. 
/'Aw. 

Lamp 
Cur- 
rent 
M.A. 

Lamp 
VuJ.t 

.4  pproj 

(a* 

.  Lumens 

40% 

Initial 

Rated  Life 

F40CW     . 

48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 

40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

Med.  Bipin 
Med.  Bipin 
Med.  Bipin 
Med.  Bipin 
Med.  Bipin 
Med.  Bipin 
Med.  Bipin 
Med.  Bipin 
Med.  Bipin 
Med.  Bipin 
Med.  Bipin 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

425 
42.5 
425 
425 
425 
425 
425 
4.30 
430 
430 
430 

107 
107 
107 
107 
107 
107 
107 
102 
102 
102 
102 

3100 
2180 
3250 
2180 
32.50 
2()ti0 
2070 
2950 
3050 
3050 
2550 

27H0  A 

F40CWX .__ 

1800  A 

F40WW 

2820  A 

F40WWX 

1800  A 

F40\V     _ 

2820  A 

F40D 

F40.'^W 

F40CW/54 

2320  A 
1520  A 
2(i20  B 

F40WW/54_ 

2040  B 

F40W/54 ...    

2640  B 

F40D/54 

2220  B 

.\.  Based  on  rated  life  on  rapid-start  circuits  of  12,000  hr  (3  hr  per  start).  Light  output  depreciation 
on  preheat  circuits  is  slightly  greater. 

B.  Based  on  rated  life  in  1954  and  earlier  prelieat  circuits  of  9000  hr.'  In  rapid-start  and  newer  pre 
heat  circuits  life  will  be  longer. 


Improvements   in  Mercury- Vapor  Lamps 

Life  and  lumens  improvements  have  been  incorporated  into  the  complete  line  of 
mercury-vapor  lamps  of  one  manufacturer  ranging  from  100  to  1000  w.  The  bulbs  are 
all  made  of  weather-resistant  glass. 

The  following  information  may  be  helpful  in  the  selection  of  the  right  mercury 
lamp  for  a  particular  application: 

.iSA    Code 

H33-1DN/C- 

H33-1FY- 

H36-1SKY/C- 

H34-12KY/C- 

H33-1CD- 

H33-1GL/C- 

H33-1LN- 

H39-22KB- 

H36-1SGV- 


-For  most  general  hghting  applications. 

-General   lighting   for   very   dirty   applications. 

-General  lighting  fits  all   1000-w  15-type  sockets. 

-General   lighting  fits   all   1000-w   12-type  sockets. 

-Street  and  floodhghting — best  selection  for  control  of  light. 

-Street   and   floodlighting — best   color  rendition. 

-Floodlighting. 

-Street   and   floodlighting — lower  level   lighting  such   as   drives. 

-For  high  mounting  where  maximum  lumen  output  is  needed. 


New  Lamps — Fluorescent 

The  TIO  and  TIOJ  are  designed  specifically  for  use  over  a  wide  temperature  range. 
Peak  light  output  for  both  lamp  types  occurs  at  the  temperatures  ranging  between  zero 
and  minus  20  F,  depending  upon  the  fixture,  the  velocity,  and  direction  of  the  wind. 

The  TIO  lamp  is  primarily  for  use  in  enclosed  single  lamp  housing.  Its  diameter 
(1^  in)  makes  it  especially  effective  in  reflectors  designed  for  low-temperature 
application  where  accurate  light  control  is  required. 

The  TlOJ  lamp  has  its  own  enclosing  glass  jacket  and  is  therefore  intended  to  be 
used  in  open-type  fixtures.  The  jacket  is  1)4  ii-  in  diameter.  There  is  a  rubber  seal  on 
each  end  of  the  jacket  which  seals  the  area  between  the  lamp  tube  and  the  jacket. 

The  railroad  industry  will  find  applications  for  these  lamps  in  locations  such  as 
station  platforms,  classification  yards,  and  street  lighting  areas. 

The  peak  light  output  of  the  new  TlO  8-ft  outdoor  fluorescent  lamp  is  13,000 
lumens  (TlOJ— 12,900)  at  1500  ma  (200  w).  The  temperature  at  which  peak  light 
output  occurs  depends  on  the  air  movement  around  the  lamp,  but  it  is  well  below  the 
usual  indoor  lamp  rating  temperature  at   77  F. 
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TYPICAL  EFFECT  OF  TEMPERATURE  ON  LIGHT  OUTPUT 
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Outdoor  Fluorescent  Lamp  Data 


Lamp 

Sid. 

Nomi- 

Nomi- 

Lamp 

Orderiny 

Bulb 

Base 

Pka. 

nal 

Economic 

In  ilial 

nal 

Volts 

Lamp 

Abbreviation 

Qty. 

Length 

Life 

Lumens 

Watts 

Operating 

Amps 

F48T10/CW 

T-10      ) 

24 

48" 

5000* 

5,900** 

105** 

80** 

1.5 

F72T10/CW 

T-10     ) 

Re- 

12 

72" 

5000* 

9,500** 

1.50** 

120** 

1.5 

F96T10/CW 

T-10      ) 

cessed 

12 

96" 

5000* 

13,000** 

200** 

1(10** 

1.5 

F48T10J/CW).__ 

double 

12 

48" 

5000* 

5,800** 

105** 

80** 

1.5 

F72T10I/CW).^_ 

T-14      ) 

contact 

8 

72" 

5000* 

9,400** 

150** 

120** 

1.5 

F96T10J/CW).__ 

Jacket  ) 

8 

96" 

5000* 

12,900** 

200** 

160** 

1.5 

*Econoiuic  rated  life.    Average  actual  life  at  3  hr  per  start  is  7500  hr. 
**Peak  value. 


The  FP12S/CW  panel  lamp  is  a  revolutionary  fluorescent  development  that  gives 
a  new  dimension  to  fluorescent  lighting.  Some  of  the  features: 

1.  Square  shape. 

2.  Thin  for  a  shallow  fixture  design. 

3.  Attractive  appearance. 

4.  For  single  or  multiple  lamp  units. 

5.  For  architectural  built-in  lighting. 

Electrical  and  Light  Output  Ratings 
(tentative  for  cool  white  lamps) 


Lamp  current  (ma) 

Nominal  watts 

Approximate  initial  lumens 


Normal 
Operation 


600 

80 

4200 


Reduced 

Wattage 

Operation 


350 

55 

2940 


ELECTRICA 


Watts 


85 


175 


250 


400 


1000 


1500 

3000 

275 


MERCURY    LAMPS 


ELECTRICAL 

PHYSICAL  DESCRIPTION 

PERFORMANCE 

W.tta 

ASA  Code 

Bulb  Shape 

Bulb  Finish 

Base 

Max. 
Overall 
Length 

Light 
Center 
Length 

Burning 
Position 

Vertical  Burning 

Horizontal  Burning 

Rated 
Life 
(hours) 

Initial 
Lumens 

Mean 
Lumens 

Initial 
Lumens 

Lumens 

Primary  Application 

85 

HSFG 

T-10 

Clear 

Medium 

rsM 

3 

Any 

3,000 

_ 

_ 

„ 

500 

Lab  Equipment 

HS8-UM 

PAR-38  Fl. 

Reflector  Spot 
Reflector  Flood 

Adm.  Sktd. 
Adm.  Sktd. 

6,'li 
6,'ti 

zz 

Any 
Any 

2,400A 
2,400A 

1,680 
1,680 

z 

- 

12.000 
12.000 

Black  Light  and  Flood 

H3S-UA  C 
H3S-WA  W 

BT-25 
BT-25 
BT-25 

Clear 

Color  Improved 

White 

Mogul 
Mogul 
Mogul 

1H 

5 
5 
5 

Any 
Any 

Any 

3.650 
3.350 
8.940 

2,960 
2,580 
2.800 

3.470 
3.180 
3.740 

2.940 
2.600 
2.880 

16.000-1- 
16.000-1- 
16.000-1- 

Gen.  Indoor  and  Outdoor 
Gen.  Indoor  and  Outdoor 
Gen.  Indoor  and  Outdoor 

H38-1AG 

T-16 

Clear 
Bl  Filter 

Admed. 
Admed. 

5>i 
5M 

n 

Any 
Any 

3,650 

—  A 

2.400 

- 

= 

6.000 
6.000 

Lab  Equipment 
Black  Light 

175 

H39-22KB 
H39-22KC  C 
H39-22KC,  W 

BT-2R 
BT-28 
BT-28 

Clear 

Color  Improved 

White 

Mogul 
Mogul 
Mogul 

8K 
8ki 
8K 

6 
5 
5 

Any 
Any 

Any 

7,. 100 
6,9,'iO 
7,900 

6.700 
6.360 
6.400 

6.950 
6.600 
7.500 

6.600 
6.050 
6.200 

16,000-1- 
16,000-(- 
16,000-1- 

Gen.  Indoor  and  Outdoor 
Gen.  Indoor  and  Outdoor 
Gen.  Indoor  and  Outdoor 

250 

H3--5KB 
H37-OKC  C 
H37-5KC  W 

BT-28 
BT-28 
BT-28 

Clear 

Color  Improved 

White 

Mogul 
Mogul 
Mogul 

8« 
8« 
8M 

5 
5 
5 

Any 
Any 
Any 

11,000A 

10,600 

11,900 

10.100 
9.650 
9.650 

10.500 
10.000 
11.300 

9.800 
9,200 
9,400 

16,000-1- 
16,000-1- 
16.000-1- 

Gen.  Indoor  and  Outdoor.  BL 
Gen.  Indoor  and  Outdoor 
Gen.  Indoor  and  Outdoor 

400 

H33-1CD 
H33-1GL  C 
H33-1GL  W 

BT-37 
BT-3- 
BT-37 

Clear 

Color  Improved 

White 

Mogul 
Mogul 
Mogul 

11  >„ 
11 '4 

7 
7 
7 

Any 
Any 
Any 

20,600 
20,000 
22.000 

18.900 
18.200 
17.800 

19 . 500 
19.000 
20.800 

18,200 
17,500 
17.300 

16. 000 -f 
16.000-1- 
16.000-1- 

Gen.  Indoor  and  Outdoor 
Gen.  Indoor  and  Outdoor 
Gen.  Indoor  and  Outdoor 

H33-1LB  Y 
H33-1GL/X 
H33-1BA 
H33-BB,C 

BT-37 
BT-37 
BT-37 
BT-37 

Caution  Yellow 

De  Luxe 

Clear 

Color  Improved 

Mogul 
Mogul 
Mogul 
Mogul 

11 '.1. 
ll!i. 

11?!. 

ii;il 

7 
7 
7 

7 

Any 

Any 
/Base  Dn.  1 
ITo  Horiz.  J 

12.000 
14,500 
20.500 
20,000 

18.900 
18.200 

11.400 
13,800 
19,500 
19,000 

18.200 
17.500 

16. 000 -h 
16.000-1- 
16.000-1- 
16.000-1- 

Danger  Areas 

Flood  Lighting 

Series  Circuit,  Street  Ltg. 

Series  Circuit,  Street  Ltg. 

H33-1FY 
H33-1DN  C 
H33-1DN',  W 

R-52 
R-52 
R-52 

Reflector  I,  F. 
Semi.  Refl.  Col.  Imp. 
Semi.  Refi.  White 

Mogul 
Mogul 
Mogtil 

Wi 

iiK 

EE 

Any 

18,000 
20,500 
22,000 

16.400 
18.800 
18.300 

E 

E 

16.000-1- 
16.000-1- 
16,000  + 

Gen.  Indoor  and  Outdoor 
Gen.  Indoor  and  Outdoor 
Gen.  Indoor  and  Outdoor 

H33-1FP 
H33-1LN 
H33-1FS 

R-60 
R-60 
R-60 

Reflector  Spot 
Reflector  Flood 
Color  Imp.  Refl.  Wide  FL 

Mogul 
Mogul 
Mogul 

10 ;-, 

10  H 

= 

Any 
Any 
Any 

See  Photometric  Dala  Below 
See  Photometric  Data  Below 
See  Photometric  Dala  Below 

16.000-1- 
16.000-1- 
16. 000 -f 

Floodlighting 
Floodbghting 
Floodlighting 

H33-1AR 

T-16 

Clear 

Mogul 

11 

7 

Any 

19 , 500 

19.100 

18,500 

17.200 

6.000 

Replaces  H-25  Types 

700 

H35-18NA 
H35-18SD  C 
H35-lSNb  W 

BT-46 
BT-46 
BT-46 

Clear 

Color  Improved 

White 

Mogul 
Mogul 

14  « 
14 'ti 

14,',; 

9U 

Any 
Any 
Any 

37,000 
34,500 
40,000 

33.000 
29.600 
32.400 

34,600 
32,800 
38,000 

31.400 
29.200 
32.000 

16.000-1- 
16.000-1- 
16.000-1- 

Gen.  Indoor  and  Outdoor 
Gen.  Indoor  and  Outdoor 
Gen.  Indoor  and  Outdoor 

1000 

H34-I2GV 

H34-12GW,C 

H34-12GW/W 

H34-12KY/C 

H34-12KY/W 

BT-56 
BT-56 
BT-56 
BT-56 
BT-56 

Clear 

Color  Improved 

White 

Semi.  Refl.  Col.  Imp. 

Semi.  Refl.  White 

Mogul 
Mogul 
Mogul 
Mogul 
Mogul 

15 '» 
15  V 

15  V 

16  V 
15V 

9'. 
9', 

I'l 
9's 

Any 
Any 
Any 
Any 
Any 

55,000 
53,000 
,59,000 
54,000 
56,000 

48.000 
43 , 000 
42.000 
45.600 
42 .  500 

52,000 
60,000 

45,000 
40.000 

16.0004- 
16,000-f 
16,000-1- 
16,000-1- 
16,000-F 

General  Indoor 
General  Indoor 
General  Indoor 
General  Indoor 
General  Indoor 

H36-15GV 

H36-15GW/C 

H36-15GW/W 

H36-15KY/C 

H36-I5Ky/W 

BT-56 
BT-56 
BT-56 
BT-56 
BT-56 

Clear 

Color  Improved 

White 

Semi.  Refl.  Col.  Imp. 

Semi.  Refl.  White 

Mogul 
Mogul 
Mogul 
Mogul 
Mogul 

15  V 
15V 
15  V 
15V 
15  V 

9»> 

Any 
Any 
Any 
Any 
Any 

56.000 
54.000 
60,500 
55,000 
58,000 

47.500 
42 .  500 
41.000 
45.000 
41.500 

53,000 
51.000 
67.500 

46.500 
43.000 
42,500 

16, 000 -t- 
16,000-i- 
16.000-1- 
16.000-1- 
16.000-1- 

Gen.  Indoor  and  Outdoor 
Gen.  Indoor  and  Outdoor 
Gen.  Indoor  and  Outdoor 
General  Indoor 
General  Indoor 

1500 

H23KX 

T-9 

Clear 

Spade 

19H 

— 

Horij. 

81.000 

64.500 

- 

— 

6.000 

Flood  and  Special 

30OO 

H9FJ 

T-9)^ 

Clear 

Spade 

54;i 

— 

Horiz. 

- 

- 

132.000 

108.000 

6,000 

General  Indoor 

275 

R-40 

Reflector  I.  F. 

Medium 

7 

— 

Any 

-" 

1.000 

Skin-Tan  and  Heat 

AApproximat«  fluorens:  H100PSP38-4  and  H100PFL38-4:  1,600 
H100BL38-4:  690 
H260A37-5:  9,000 


tlnrreased-output,  exceitt  an  otherwise  noted. 


t  R-60  Photometric  Ch; 


Beam  width*      Beam  lumens* 


H400RSP33-1 
H400RFL33-1 
H400RCFL33-1 
•To  10% 
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FP12S/CW  panel  lamp. 


Dimensions:   Overall  including  recessed  bipin  bases.   11^  by   115^  in  by  1^  in. 

Rated  life:   7500  hr  (at  3  hr  per  start) 

.Approximate  light  distribution:   face  60%,  back  40%. 

Color:    Cool  white.  Panel  fluorescent  lamp  in  deluxe  white.  Colors  will  be  available  as 

soon  as  facilities  permit. 
Base:  Recessed  bipin. 
Circuit:  Rapid  start. 
.\vailability:  Limited  at  press  time. 

New  Lamps — Mercury,  6  Kw  Color  Improved,  Etc. 

This  lamp  has  a  4  in  outer  jacket  and  is  approximately  5  ft  long.  The  application 
for  this  lamp  would  be  for  illuminating  large  areas  such  as  the  hump  area  in  a  classi- 
fication yard  or  for  areas  where  illumination  is  needed  for  TV  surveillance. 

Lamp   Data 

Operating  current,  6.6  amp. 
Approximate  lumens — 330,000. 
Approximate  life — 4,000  hr. 
Base — mogul  bipost. 

100-W    Mercury   Lamp — Small    Bulb 

Two  versions  of  the  new  100-w  medium-screw  base  are  available — clear  and  color- 
improved.  The  clear  lamp  will  be  useful  where  control  of  light  is  important  and  the 
characteristic  blue-green  color  is  suitable.  The  phosphor-coated  color-improved  lamp  is 
desirable  when  better  color  rendition  is  the  primary  concern.  Each  produces  approxi- 
mately as  much  light  as  a  regular  200-w  filament  lamp.  Caution — ."Mthough  the  new 
lamps  will  physically  fit  lampholders  and  luminaircs  designed  for  filament  lamps,  they 
mu.st  be  operated  only  with  the  proper  ballasts. 

Lamp  Data 


Lamp  Ordering 
Abbreviation 

.4.S'.4  Code 

Finish 

Bulb 

Ha.i, 

Vertieal 
Lumens 
Initial 

H100A.38-4/A23 

H38-4LL 
H38-4MP/C 

Clear 
Color-improved 

A-23 
A-23 

Medium  screw 
Medium  screw 

3050 

H 100C38-4/A23 

3350 
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New   Lamps — Incandescent 

Four  12-v  incandescent  lamps  were  developed  that  could  be  very  useful  for  flood- 
lighting in  the  railroad  industry.  The  site  of  a  derailment,  locations  requiring  emergency 
repair  of  tracks  and  switches,  and  emergency  lighting  are  only  a  few  of  the  places 
where  only  a  12-v  power  supply  might  be  available.  These  lamps  are  rugged  and 
more  efficient  than  similar  standard  voltage  lamps.  All  have  their  own  built  in 
reflectors. 

Lamp  Data 


Lamp  Ordiriiiii  Ahhrciinlid 


25A/PAR56/WFL 

42A/PARr,4/WFL 

25A/R40/FL  

100PAR38/SP 


Walts 

r.-//.s 

300 

12 

500 

12 

300 

12 

100 

12 

Biilh 


PAR-5(i 
PAR-Ot 
R-40 
PAR-38 


«a.s 


Screw  terminal 
Screw  terminal 
Mogul  screw 
Medium  .side  prong 


Fila- 
ment 


C-fi 
C-(i 
C-2\' 
C-(i 


Approjr. 
Hours 
Life 


1000 
1000 
1000 
1000 


PAR — Cool-Beam   Incandescent   Lamp 

A  new  series  of  PAR  lamps,  which  produce  high  illumination  levels  but  little 
accompanying  heat,  is  now  available.  PAR  Cool-Beam  lamps  have  a  built-in  filter/ 
reflector  unlike  standard  PAR  lamps  with  aluminum  reflectors. 

Radiant  energy  from  the  filament  strikes  the  parabolic  filter/reflector  surface  which 
transmits  most  of  the  heat-producing  infrared  through  the  back  while  reflecting  visible 
light  forward. 

These  lamps  should  be  used  in  an  open  or  ventilated  fixture  that  will  dissipate 
the  increased  heat. 

Lamp  Data 


Lamp  Ordcrinn 
Abhreinalion 

Waltx 

Volts 

Suit) 

Base 

Fila- 
ment 

Approx. 
Hours 
Life 

300PAR5fi/2NSP* 

300PAR56/2MFL** 

.300PAR56/2WFL*** 

150PAR38/2SP**** 

l.'iOPAR38/2FL***** 

300 
300 
300 

1.50 
1.50 

120 
120 
120 
120 
120 

PARSti 
PARofi 
PAR5(3 
PAR38 
PAR38 

Extended  Mogul  end  prong 
Extended  Mogul  end  prong 
Extended  Mogul  end  prong 
Medium  skirted 
Medium  skirted 

CC-13 

CC-13 

CC-13 

CC-fi 

CC-(i 

2000 
2000 
2000 
2000 
2000 

*2NSP— Narrow  Spot. 
**2MFL— Medium  Floo.l. 
***2WFL— Wide  Flood. 
****2SP — Spot. 
*****2FL— Flood. 


R-20  Reflector  Lamp 

Two  small  reflector  lamps  (2i/^  in  diameter)  are  now  available  for  areas  requiring 
a  small  bulb,  controlled  light  and  minimum  maintenance.  These  lamps  are  available  in 
30  and  SO  w.  The  bulb  is  2^^  in.  in  diameter  and  has  a  pure  silver  reflector. 
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Lamp  Data 


Lamp  Oi-diriii 

/  Ahbn 

rial  mil 

Wdlls 

\-nlfs 

Hull, 

lias, 

Fila- 
ment 

.1  pprox. 
Ilni„:s 
Lif, 

30R20. 

30 
50 

115-120 
115-120 

R-20 
R-20 

Medium  screw 
Medium  screw 

C-7A 
C-7A 

2000 

50R20 

2000 

Report  on  Assignment   10 

Wire,   Cable   and   Insulating   Materials 

Collaborating  with  Mechanical  Division,  AAR 

F.  T.  Snider   (chairman,  subcommittee),  B.  Anderhous,  R.  Burn,  R.  C.  Greene,  R.  A. 
Mather,  J.  P.  Muelleman. 

Your  committee  submits  as  information  the  following  report  pertaining  to  wire, 
cable  and  insulating  materials: 

A.  REVISION  OF  SECTION   10  OF  THE  AAR  ELECTRICAL  MANUAL 

Your  committee  has  been  actively  engaged  during  the  year  in  a  review  of  Section 
10 — Wire,  Cable  and  Insulating  Materials  of  the  Electrical  Manual,  looking  toward  a 
revision  of  the  entire  Section.  This  complete  overhaul  of  Section  10  involves  the  elimina- 
tion of  many  of  the  wire  specifications  presently  contained  therein,  and  revisions  and 
additions  to  practically  all  of  the  specifications  and  material  to  remain  in  the  Section, 
to  bring  them  into  Une  with  present  practice.  While  it  was  expected  that  the  completed 
report  on  the  revision  of  Section  10  would  be  in  final  form  for  presentation  this  year, 
owing  to  the  magnitude  of  the  matter,  and  to  avoid  any  additional  revisions  next  year, 
it  was  the  decision  of  the  committee  to  withhold  this  comprehensive  report  at  this  time, 
pending  a   complete   finalization   for  presentation   in   1965. 


B.   WIRE,   CABLE   AND   INSULATING  STANDARDS  OF  INTEREST 
TO  THE  AREA 

Revisions  have  been  made  to  numerous  standards  during  the  past  year  but  the 
detailed  changes  are  too  voluminous  to  list  in  this  report.  Complete  revision  has  been 
made  to  American  Standards  Association  Specifications  for  Weather-Resistant  Wire  and 
Cable  (URC  type),  C8. 18-1962,  which  was  issued  April  4,  1963.  The  Fourth  Edition 
of  "Rubber-Insulated  Wire  and  Cable  for  the  Transmission  and  Distribution  of  Elec- 
trical Energ>",  IPCEA  No.  S-19-81,  NEMA  No.  WC3-1963,  is  being  prepared  and  is 
scheduled  for  issue  early  in  1964.  All  changes  are  available  from  the  various  Standards 
organizations. 

C.  REPORT  ON  NEW  TYPES  OF  WIRE,  CABLE  AND  INSULATING  MATERIALS 

Chlorosulfonated  Polyethylene 

Chlorosulfonated  polyethylene  is  a  vulcanizable,  thermosetting,  synthetic  compound, 
and  is  a  chemically  cross-linked  polyethylene.  It  is  a  true  rubber  with  inherent  flame 
resistance.  Although  introduced  into  the  market  more  than  a  decade  ago,  significant 
utilization   of   this   rubber  insulation   in   the  wire  and  cable  industry  is  a   recent  event. 
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Chlorosulfonatcd  polyethylene  possesses  good  physical  strength  over  a  wide  tem- 
perature range.  It  further  distinguishes  itfclf  by  (1)  high  degree  of  inertness  to  the 
destructive  environments  of  oil,  moisture,  and  sunlight,  and  (2)  adequate  electrical 
properties   suitable   as  insulation   covering   for   600-v  applications. 

Chlorosulfonatcd  polyethylene  is  commercially  available  in  the  following  con- 
structions: 

1.  Locomotive  and  car  equipment  cable. 

2.  Building  wire,  Type  RHW-RHH. 

3.  Automotive  primary  wire. 

4.  Control  cable. 

5.  Service  drop  cable. 

6.  Atomic  reactor  cable. 

7.  Welding  cable. 

8.  Heater  cord  and  appliance  wire. 

9.  Jackets  for  high-voltage  cable. 

It   is   presently   available   from  several  manufacturers. 

Polytetrafluorethylene 

Polytetrafiuorethylene  resin  recently  celebrated  its  25th  anniversary.  It  is  used  for 
wire  and  cable  applications  because  of  its  outstanding  resistance  to  heat  and  its  excellent 
electrical  properties. 

Chemically,  it  is  made  up  of  a  long  chain  of  carbon  atoms  joined  to  each  other, 
similar  to  polyethylene  except  that  each  carbon  atom  is  linked  to  two  fluorine  atoms. 

The  dielectric  strength  of  this  material  is  high  and  the  power  factor  and  SIC  are 
low.  Because  of  its  inert  fluorinated  structure,  it  does  not  burn  and  is  resistant  to  water, 
acids,  bases  and  chemical  reagents.  It  has  a  very  high  softening  temperature  and  with 
its  very  good  heat  resistance,  it  can  be  rated  up  to  260  C. 

Two  types  of  this  compound  are  available — TFE  and  FEP.  TFE  is  rated  at  260  C 
and  is  stable  at  extreme  heat  conditions.  FEP  is  rated  at  205  C,  but  becomes  plastic 
at  temperatures  above  this  level.  However,  TFE  is  more  difficult  to  manufacture,  and 
long  lengths  and  large  CM  sizes  are  difficult  to  produce. 

This  insulation  is  used  in  high  temperature  lead  and  hookup  wires  and  where 
solder-iron  resistance  is  important.  Underwriters  Laboratory,  Inc.,  recognize  and  lists 
such  insulated  wire  for  specific  usages. 

The  material  is  being  tested  and  evaluated  by  several  railroads  for  use  on  locomo- 
tive and  car  equipment  because  of  its  high  temperature  rating,  ability  to  resist  oils 
and  solvents,  and  its  small  diameter.  It  is  expected  that  the  use  of  this  material  will 
increase  as  its  operating  characteristics  become  better  known. 
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Report  on  Assignment   13 

Railway    Electrification    Collaborating    with 
Mechanical   Division,  AAR 

B.  C.  Hallowell  (chairman,  subcommittee),  R.  J.  Berti,  L.  VV.  Birch,  \V.  F.  Bowers, 
H.  F.  Brown,  K.  A.  Browne,  R.  Burn,  F.  J.  Corporon,  A.  B.  Costic,  L.  B.  Curtis, 
G.  B.  Hauser,  H.  C.  Held,  R.  B.  Hendrickson,  R.  L.  Kimball,  D.  R.  Mac  Leod, 
F.  B.  McConnel,  K.  S.  Niemond,  R.  F.  Pownall,  E.  B.  Shew,  E.  L.  Tennyson. 

Your  committee  reports  as  information  on  the  general  subject  of  railway  elec- 
trification. The  work  on  this  assignment  is  divided  among  six  sub-subcommittees,  but 
because  of  economic  pressures  and  the  heavy  work  load  carried  by  the  committee's 
members,  only  one  of  the  six  will  report  this  year. 

Report  on  Assignment   13D 

Developments    in    the   Field    of    Railway    Electrification 
(Domestic  and  Foreign) 

L.  W.  Birch,  Chairman 
UNITED  STATES  DEVELOPMENTS 

The  greatest  progress  in  the  United  States  relative  to  electrification  has  been 
exhibited  by  the  placing  of  new  multiple-unit  cars  on  the  Pennsylvania  Railroad, 
Reading  Railroad  and  the  Long  Island  Railroad.  The  operations  divide  as  follows: 

Pennsylvania — i&  cars,  11 -kv,  a-c  collection 
Reading — 17  cars,  11 -kv,  a-c  collection 
Long  Island — 30  cars,  600-v,  d-c  collection 

These  replacements  not  only  signify  the  continued  acceptance  of  the  multiple-unit  coach 
for  commuter  service  but  also  indicate  the  presence  of  many  improvements  developed 
for  the  electric  coach  in  the  last  few  years 

The  Niagara  Junction  Railway  has  been  electrifying  a  new  yard  at  Niagara  Falls, 
N.  Y.,  with  light  catenary  for  600  v,  d-c.  This  work  will  be  completed  this  year. 

The  New  York,  New  Haven  &  Hartford  Railroad  has  obtained  12  Virginian  locomo- 
tives, and  reactivation  of  the  catenary  system  has  been  started  on  the  Bay  Ridge  Branch 
of  the  Long  Island  Railroad. 

Closely  allied  to  railway  electrification  is  rapid  transit  electrification  which  has 
gained  considerable  impetus  since  the  last  war.  Currently,  several  communities  are 
assured  modern  rapid  transit,  both  from  the  standpoint  of  development  of  lines  and 
equipment  and  the  acceptance  by  the  communities  and  the  various  governments  of 
bond  issues  for  the  construction  of  these  lines.  .\s  an  example,  the  Delaware  River  Port 
.\uthority  gave  approval  of  approximately  $54  million  for  a  new  line  to  extend  from 
Camden,  N.  J.,  to  Kirkwood,  N.  J.,  a  distance  of  IS  miles.  Also  the  San  Francisco  Bay 
.\rea  District,  by  means  of  a  bond  issue  and  additional  financial  help,  will  have  avail- 
able almost  SI  billion  for  75  miles  of  double-track  rapid  transit,  both  subway  and 
surface. 
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Toronto  is  continuing  to  build  its  second  subway  system,  2^  miles  of  which  are 
in  operation  with  a  little  over  7  miles  remaining  in  this  project.  Montreal  has  started 
subway  work  and  has  already  purchased  180  new  rapid  transit  cars  consisting  of  90 
two-car  units,  and  Boston  has  now  received  the  last  of  92  two-car  rapid  transit  units 
based  on  an  order  placed  in   1962. 

Pittsburgh  has  secured  financial  aid  for  a  one-mile  experimental  rapid  transit  line 
to  be  operated  on  an  elevated  concrete  structure  with  3 -phase  a-c  supply.  Lightweight 
cars  seating  possibly  20  people  will  be  operated  with  rubber  tires  over  this  structure. 

FOREIGN  DEVELOPMENTS 
India 

With  the  completion  of  certain  sections  of  suburban  electrification  in  the  Calcutta 
area,  India  will  have  1158  track  miles  of  electrified  tracks.  Although  some  of  the  earlier 
lines  were  of  a  different  voltage,  25-kv,  a-c  is  becoming  the  standard  for  India's 
electrification. 

Canada 

During  the  past  year  a  completely  automated  ore  haul  with  standard  railroad 
equipment  has  been  completed  by  the  Iron  Ore  Company  of  Canada  at  its  Carol  Lake 
mining  location.  Ore  trains  are  operated  without  a  rider  and  are  completely  controlled 
from  a  single  location. 

West  Germany 

A  total  of  3040  miles  of  electrified  track  are  now  in  operation  in  Western  Germany. 
This  trackage  is  served  with  l5-kv,  a-c,  16%-cycle  supply.  It  is  estimated  that  by  the 
end   of   1964   the   electrification   mileage   will   exceed  3200. 

Austria 

The  north-south  line  (Vienna-Italy)  of  approximately  250  miles  has  been  completed, 
thus  making  a  total  electrification  using  l5-kv,  a-c,  16%  cycles  of  1250  miles.  Over  70 
percent  of  Austria's  traffic  is  carried  by  electric  trains. 

Belgium 

Upon  the  completion  of  the  Bruxelles-Mons-Paris  lines,  Belgium  will  have  22 
percent  of  all  track  electrified,  the  total  of  which  will  be  approximately  850  miles — 
all  d-c. 

Spain 

Spain  has  electrified  19  percent  of  the  railroad  mileage,  a  total  of  1675  miles.  Much 
of  this  electrification  is  served  with  3000-v,  d-c. 

Finland 

Finland  voted  in  June  of  this  year  to  install  approxim.ately  100  miles  of  elec- 
trification throughout  the  country,  the  work  to  be  finished  in  10  years. 

France 

A  total  of  4800  miles  of  the  French  National  Railways  have  been  electrified.  New 
programs  call  for:  Mans-Rennes  (100  miles),  Marseille- Ventmiglia  (150  miles),  Paris- 
LeHavre  (145  miles).  Both  d-c  at  ISOO  v,  and  25-kv,  a-c,  50  cycles  are  being  used  in 
the  French  electrifications. 
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Great  Britain 

At  the  present  time  there  are  only  220  miles  of  electrification  in  Great  Britain. 
However,  an  additional  235  miles  are  in  the  process  of  construction  between  BirminK- 
ham-Crewe-Liverpool-Manchester. 

Norway 

Norway  has  electrified  almost  42  percent  or  1175  miles  of  railroad  in  recent  years. 
At  the  present  time  electrification  of  the  Hamar-Trondheim  Line  is  under  way. 

Sweden 

Sweden's  railway  lines  are  93  percent  electrified,  probably  the  highest  percentage 
of  any  country  in  Europe. 

Switzerland 

The  S.B.B.  are  fully  electrified — a  total  of  1850  miles,  both  standard  gage  and 
narrow  gage.  From  information  received  it  is  concluded  that  all  Swiss  roads,  both  State 
and  private,  are  now  electrified  with  the  exception  of  two  cog-roads. 

Russia 

On  the  occasion  of  the  complete  conversion  to  electric  operation  of  the  line  from 
Moscos-Lake  Bikal,  this  section  of  Russia's  railroads  will  have  a  total  of  3400  route 
miles  of  electrification.  Both  ignitron  rectifier  locomotives  and  silicon  rectifiers  have 
been  introduced  for  this  operation.  Voltage  in  some  sections  of  Russia  on  the  contact 
wire  is  3000  v,  d-c,  while  in  other  sections  it  is  20-kv,  a-c,  50  cycles.  The  feature  of 
some  of  the  electrified  sections  that  is  becoming  very  important  to  many  communities 
is  the  scheme  involving  the  furnishing  of  power  from  a  3-phase  transmission  line  to 
both  the  railroad  and  the  community,  with  a  fairly  good  balance  prevailing. 

Japan 

At  the  AREA  membership  meeting  during  the  American  Railway  Progress  Exposi- 
tion in  October  1963,  W.  M.  Keller,  vice  president  research,  AAR,  described  the  activities 
and  progress  relative  to  Japan's  new  Tokaido  Trunk  Railway  which  will  extend  between 
Tokyo  and  Osaka,  a  distance  of  320  miles.  This  line  is  under  construction,  and  sufficient 
mileage  has  been  completed  for  actual  tests  on  equipment,  speeds  and  schedules.  The 
Tokaido  line  is  a  standard-gage,  double-track  system  which  parallels  an  existing  line 
between  the  two  large  cities  and  is  being  constructed  because  of  the  inadequacy  of  the 
existing  system.  Trains  will  operate  at  120  mph  and  the  non-stop  units  will  co\-er  the 
320  miles  between  the  two  cities  in  3  hr.  According  to  Mr.  Keller  the  commuter  traffic 
is  increasing  and  has  now  reached  68  percent  of  the  total  travel  between  the  two  cities. 
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RAILWAY  ELECTRIFICATION— A   CONDENSATION  OF  AAR  AND  AREA 
REPORTS   ON   THIS   SUBJECT   OVER   LAST  SEVEN  YEARS 

Foreword 

Electric  power  is  the  cheapest  source  of  energy  for  railroads.  This  was  true  in 
1905 — it  was  true  in  1915-192S-1945-19SS,  and  it  is  true  now.  The  difference  between 
then  and  now  is  that  there  may  be  a  chance  for  electric  energy  from  efficient  control 
stations  to  take  its  proper  place  in  the  transportation  field  where  it  has  so  long  offered 
outstanding  economies. 

In  1953  Committee  13  of  the  Electrical  Section  of  the  Association  of  American 
Railroads  was  assigned  the  subject  of  railroad  electrification.  In  1960  Subcommittee  13 
of  Committee  18  of  the  American  Railway  Engineering  Association  assumed  this  assign- 
ment. These  committees  have  presented  annual  reports  relative  to  railway  electrification 
and  have  also  reached  a  number  of  logical  conclusions  about  the  application  and  eco- 
nomics of  electrification.  However,  owing  to  their  volume,  it  is  believed  that  these  yearly 
reports  will  become  more  understandable  in  the  condensed  form  presented  here.  This 
report  carries  the  salient  facts,  but  it  is  suggested  that  those  seeking  more  knowledge 
concerning  railroad  electrification  refer  to  the  AAR  and  AREA  proceedings  covering 
the  subject  for  1953-1963. 

It  is  the  objective  of  the  Subcommittee  on  Railway  Electrification  to  acquaint  the 
U.  S.  Railroads  with  the  progress  that  many  overseas  railroads  and  a  few  domestic 
railroads  have  made  with  electrification,  and  why  the  railroads  in  more  and  more 
countries  are  adopting  it.  A  vast  amount  of  information  has  been  studied  during  the 
last  10  years,  and  the  conclusions  which  were  derived  from  these  data  have  been 
presented  from  the  standpoint  of  what  this  committee  terms  the  "American  Railroad 
Application."  This  abridged  report  will  provide  present-day  concepts  of  railroad  elec- 
trification and  emphasize  future  benefits  to  operators,  by  calling  attention  to  the  grow- 
ing economic  advantage  of  electric  motive  power  over  forms  that  carry  their  own 
power  plant. 

Personnel 

Representatives  from  the  mechanical  and  electrical  departments  of  railroads,  manu- 
facturers, consulting  engineers,  and  utilities  have  made  up  the  personnel  of  this  group. 
Included  in  the  railroad  representation  are  those  actively  engaged  in  the  operation  and 
maintenance  of  electric  trains,  and  those  who  have  studied  electrification  here  and 
abroad.  Many  manufacturing  members  have  represented  their  companies  on  several 
of  the  world's  largest  electrifications.  The  consultant  members  are  acquainted  with 
railroads  and  the  engineering  aspects  of  railroad  electrification  and,  although  experts 
in  this  field,  are  also  acquainted  with  the  economics  of  the  various  forms  of  motive 
power.  Public  utility  members  are  familiar  with  the  power  phase  of  electrification  and 
the  communication  company  members  are  acquainted  with  the  problems  of  inductive 
coordination. 

The  Challenge 

Electrification  of  railroads  is  progressing  rapidly  outside  the  Western  Hemisphere. 
The  English  are  electrifying;  the  French  have  made  great  strides  toward  complete  main- 
line electrification;  Switzerland  is  nearly  100  percent  electrified;  Spain,  Portugal,  the 
Scandinavian  countries,  Holland,  Japan,  Russia,  Turkey,  India,  Poland,  South  Africa, 
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The  Congo  and  many  other  countries  are  electrifying  their  railroads  as  rapidly  as 
capital  acquisition  will  permit.  In  contrast,  in  North  America  the  economic  situation 
of  the  railroads  has  prevented  them  from  undertaking  new  electrifications  and  from 
extending  old  ones;  in  some  cases  electrifications  have  been  abandoned.  It  is  the  pur- 
pose of  this  condensed  report  to  review  the  progress  in  the  art  and  to  suggest  where 
electrification  is  the  most  economical  solution  to  motive-power  problems. 

The  diesel  locomotive  is  limited  in  power  to  the  size  of  the  prime  mover  that  can 
be  carried  within  the  limits  of  permissible  axle  loadings.  It  has  produced  many  econ- 
omies in  railroad  operation  but  is  expensive  to  service,  uses  a  fuel  that  is  constantly 
increasing  in  cost,  and  has  a  high  weight-to-horsepower  ratio.  In  contrast,  the  electric 
locomotive  with  its  ability  to  concentrate  a  large  amount  of  power  into  a  single  unit, 
has  a  low  weight-to-horsepower  ratio,  uses  central  control  station  power  that  is  increas- 
ing in  cost  much  more  slowly  than  fossil  fuels,  and  does  not  incur  the  high  cost  of 
servicing   the   diesel   engine. 

The  Last  Nine  Years 

Nine  years  ago  the  Joint  Committee  on  Railroad  Electrification  ceased  to  function. 
It  represented  the  joint  effort  of  seven  railroads,  a  number  of  electrical  manufacturers. 
Bituminous  Coal  Research  and  several  consulting  firms.  It  was  organized  to  determine 
the  future  status  of  railroad  electrification.  This  group  was  sponsored  by  the  Edison 
Electric  Institute,  and  its  report,  issued  in  19S1,  was  prepared  by  the  Battelle  Memorial 
Institute.  While  the  results  of  the  study  were  favorable  to  electrification,  they  were  not 
attractive  enough  to  induce  domestic  railroads  to  adopt  electrification.  The  2100-mile 
example,  a  section  of  the  New  York  Central,  showed  a  6-8  percent  return  on  the  addi- 
tional investment.  Much  higher  returns,  based  on  over-optimistic  life  of  diesel  units, 
could  be  obtained  by  investing  the  limited  capital  available  in  other  betterments  that 
were  badly  needed  by  this  and  other  railroads.  Further  study  by  this  group  was  there- 
fore shelved.  In  order  to  preserve  the  work  that  had  been  done  by  this  Joint  Com- 
mittee, and  to  provide  a  means  of  reviewing  its  conclusions  in  the  light  of  develop- 
ments as  they  occurred,  it  was  absorbed  by  Committee  13 — Railway  Electrification, 
of   the   Electrical  Section   of   the  Association   of  American  Railroads. 

Application — Main  Line 

The  Joint  Committee  examined  the  relative  costs  of  3000-v,  d-c,  12-kv,  2S-cycle, 
and   2S-kv,   60-cycle  electrification   when  applied  to  U.  S.   railroads  with  dense   trafiic. 

On  October  2,  1955,  the  AAR  committee,  after  reviewing  the  Joint  Committee 
report,  in  the  light  of  developments  abroad,  passed  a  resolution  recommending  a  25-kv, 
60-cycle,  single-phase  contact  system  for  future  main-line  electrifications.  This  resolu- 
tion is  reaffirmed  in  this  summary  report.  The  reasons  for  this  recommendation  will 
become  apparent  from  the  following  discussion. 

The  selection  of  a  type  of  motive  power  and  economy  of  operation  are  the  two 
most  important  considerations.  The  a-c  locomotive  has  been  demonstrated  by  nearly 
a  quarter  century  of  successful  operation  in  the  U.  S.  and  other  countries  to  be  vastly 
superior  to  any  other  form  of  motive  power  to  enable  the  railroads  to  compete,  with 
maximum  economy,  with  other  modes  of  transportation  in  the  movement  of  goods 
and  people.  Since  electrification  of  the  main  lines  of  American  Railroads  is  likely  to 
become  even  more  economically  necessary,  it  is  important  that  a  standard  system  be 
adopted  so  that  all  roadway  betterments  may  be  made  with  due  consideration  for  the 
requirements  of  electrification.  The  committee  gave  careful  consideration  to  the  require- 
ments of  existing  road  installations  and  to  their  future  requirements.  Availability  of  the 
electric   locomotive   and   adequacy   of   electric   power  supply,   also   safety   to   the   public 
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and  operating  personnel,  were  important  considerations.  Compatibility  with  signal  and 
communication  systems  and  clearances  of  catenaries  to  bridges  and  similar  structures 
were  an  important  factor.  The  adaptability  of  the  system  to  new  and  improved  forms 
of  motive  power,  the  utilization  of  existing  commercial  electric  power  sources  and 
adaptability  to  various  traffic  levels  and  types  of  service  were  also  important  in  select- 
ing the  2S-kv,  60-cycle,  single-phase  system.  Better  than  any  other  electrification  system, 
it  can  deliver  the  large  blocks  of  power  at  low  load  factor  required  by  heavy-tonnage 
trains  moving  at  high  speed.  One  western  railroad  is  searching  for  economical  motive 
power  that  will  move  5000-ton  trains  up  a  1 -percent  grade  at  50  mph.  This  would 
require  10  of  the  largest  standard  U.  S. -built  diesel-electrics  in  operation  today.  The 
25-kv,  60-cycle  power  system  could  best  supply  the  20,000  kv  that  such  a  train 
requires,  especially  if  such  trains  follow  each  other  at  frequent  intervals. 

In  order  to  meet  the  requirements  of  low  first  cost  and  low  operating  expenses, 
future  main-line  electrifications  must  be  of  the  simplest  type.  This  calls  for  a  simple 
contact  system,  no  railroad  substations  and  no  rotating  power  conversion  equipment. 
In  order  to  keep  railroad  investment  to  the  minimum  and  obtain  the  advantage  of 
specialized  operation  of  power  facilities  by  the  public  utilities,  the  system  selected 
should  encourage  the  elimination  of: 

(a)  Railroad-owned  electric  generation   or  power  conversion  stations. 

(b)  Railroad-owned  transmission  lines. 

(c)  Railroad-owned  substations. 

(d)  Railroad-owned   contact   systems. 

These  requirements  are  best  satisfied  by  a  standardized  25-kv,  60-cycle  system  since 
the  high  voltage  permits  a  low-cost,  light  contact  system.  The  use  of  commercial  fre- 
quency makes  it  attractive  for  the  power  companies  to  supply  the  large  blocks  of  power 
required  along  the  railroad  right-of-way  from  existing  commercial  electric  power  net- 
works. The  suggested  25-kv,  60-cycle  standard  system  in  the  United  States  would  be 
the  same  as  the  25-kv,  commercial-frequency  systems  that  are  already  standard  in 
other  countries. 

High- Voltage  Commercial  Frequency 

Cost  data  developed  in  the  1952  study  of  the  Joint  Committee  on  Railroad  Elec- 
trification, based  on  the  data  secured  from  a  comprehensive  electrification  study  for  a 
large  Eastern  railroad,  indicate  the  following  relative  costs  for  three  systems  of  elec- 
trification,  as   appHed   to   this   particular   railroad: 


First  costs 

Operating  expenses 
Fixeil  charges 


11,000-v.  2.5-cydc, 
single-phase^  a-c 


100% 
113% 
106% 


100% 
100% 
100% 


^.5.000-v,  60-eycle, 
single-phase,  a-c 


90.0% 
99.3% 
89.5% 


The  study  which  largely  influenced  the  British  Railways  to  select  the  commercial 
frequency  system  as  the  standard  for  new  electrification  developed  the  following  relative 
costs  between  the  commercial  frequency  and  a  1500-v,  d-c  system. 
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26,000-v, 
60-cyde,  a-c 

loOO-v,  d-c 

First  costs 

95.2% 
92.0% 

100%, 

Annual  operating  expenses 

100% 

Also,  comparison  studies  made  on  electrification  schemes  in  Continental  Europe, 
Japan,  and  elsewhere  in  the  world,  have  shown  lower  first  costs  for  the  a-c  system  than 
for  the  3000-v,  d-c  system. 

Some  of  the  high-voltage  commercial  frequency  systems  throughout  the  world  are 
located  in: 

1.  England  5.  Belgian  Congo  9.  Belgium 

2.  France  6.  Germany  10.  Hungary 

3.  Russia  7.  Japan  11.  Portugal 

4.  India  8.  Turkey 

The  major  reason  for  60-cycle  electrification  is  economic.  However,  several  other 
attractive  features  were  a   factor  in  selecting  this  lightweight  system.  Examples  are: 

1.  Commericial  frequency  lines  available. 

2.  Lightweight  and  less  costly  overhead. 

3.  Better  adhesion  with  lighter  locomotives  made  possible  by  connecting  motors 
in  parallel  rather  than  having  various  series-parallel  combinations  required 
by  d-c  locomotives. 

No  Technical  Deterrents 

The  committee  is  satisfied  that  there  are  no  technical  deterrents  to  the  high-voltage, 
commercial-frequency  system  for  main-line  electrification.  The  principal  technical  deter- 
rent of  phase  unbalance  due  to  large  single-phase  loads  formerly  encountered  in  elec- 
trification studies  has  been  shown  to  be  of  minor  importance  when  the  system  is  properly 
designed.  The  adoption  of  wireless  communication  systems  will  eliminate  the  present 
high  cost  of  providing  for  the  inductive  influence  on  wired  communication  circuits. 
A  great  deal  of  the  high  cost  of  changes  to  the  signal  system  formerly  charged  to  elec- 
trification has  been  shown  to  be  justified  by  reduced  maintenance,  more  reliable 
operation,  and  the  requirements  of  higher  train  speeds. 

Inductive  influence  from  single-phase  rectifier  locomotives  that  was  formerly  con- 
sidered to  be  more  severe  than  from  the  older  forms  of  a-c  electric  locomotives  has 
been  reduced  to  acceptable  levels  by  the  development  of  simple  but  effective  filtering 
techniques  on  the  locomotives  themselves.  The  work  done  by  the  communication  com- 
panies in  cooperation  with  the  railroads  during  the  last  35  years  has  eliminated  inductive 
influence  as  a  consideration  in  the  selection  of  the  frequency  of  the  electrification  power 
supply.  The  corrective  measures  necessary  are  detailed  in  Section  7  of  the  WK 
Communication  Section's  Manual. 

With  respect  to  the  signal  system,  the  same  techniques  that  have  been  fully  devel- 
oped for  25-cycle  electrifications  will  be  equally  applicable  to  make  them  compatible 
with  commercial  frequency  electrifications.  The  details  are  covered  in  Chapters  X  and 
XI  of  the  WK  Signal  Manual.  Many  railroads  that  are  not  electrified  use  these 
measures  for  other  reasons. 
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The  subject  of  railroad  motive-power  requirements  for  operation  with  two  or  more 
electrical  systems  was  studied  by  the  committee.  Committee  reports  describe  the  active 
developments  and  installations  in  Western  Europe,  primarily  on  the  French  National 
Railways  and  connecting  lines  and  the  dual-system  techniques  of  Belgium  and  the 
Netherlands.  Various  d-c  voltages  and  various  a-c  voltages  and  frequencies  are  to  be 
found  on  European  railroads.  It  is  now  proposed  to  build  a  locomotive  to  operate 
with  four  different  electrification  systems.  It  is  not  anticipated  that  locomotives  capable 
of  operation  on  more  than  two  (25-cycle  and  60-cycle)  a-c  voltages  as  well  as  on 
650  v,  d-c  third  rail  will  ever  be  required  in  this  country.  The  single-phase  rectifier 
locomotive  has  been  fully  developed  for  dual-voltage  operation  on  the  New  Haven 
Railroad. 

The  direct  connection  of  single-phase  load  to  a  three-phase  power  system  causes 
negative  sequence  currents  to  flow  in  the  three-phase  machines,  both  generators  and 
motors,  supplied  by  the  same  power  system.  Since  these  negative  sequence  currents 
create  heating  of  machines  and  affect  their  performance,  it  must  be  limited.  There  are 
many  ways  of  balancing  the  electrical  load  on  the  three-phase  system  to  a  degree  that 
will  be  acceptable  to  the  public  utilities. 

Economics 

The  economics  of  railway  electrification  are  primarily  involved  with  owning,  operat- 
ing, and  maintaining  the  different  types  of  motive  power  used  in  railway  operation,  to- 
gether with  their  direct  and  associated  investment  requirements.  Any  differential  in  in- 
vestment involved  with  electric  motive  power,  compared  with  other  types  of  power, 
must  be  justified  by  savings  in  operating  expense  or  superior  operating  characteristics 
for  the  generation  of  additional  revenue  over  other  types  of  motive  power  available  for 
equivalent  use. 

The  principal  items  of  expense  encountered  in  operating  any  type  of  railway  motive 
power,  exclusive  of  wages  and  enginemen,  are: 

1.  Maintenance  or  repair. 

2.  Fuel,    including    the    cost    of   electric   power. 

3.  Depreciation. 

4.  Enginehouse. 

5.  Other  locomotive  supplies. 

In  the  United  States,  these  expenses  are  defined  by  the  Interstate  Commerce  Com- 
mission. The  inspections  required  by  the  ICC  are  a  large  portion  of  these  costs.  The 
fewer  the  units  that  are  required  the  lower  will  be  the  item  of  expense.  A  single  electric 
locomotive  can  do  the  work  of  2^  or  more  standard  diesel-electric  units. 

It  is  apparent  that  where  there  is  heavy  traffic  over  extensive  engine  runs,  the  in- 
vestment in  motive  power  per  mile  of  track  is  large,  and  the  annual  mileage  per  unit  of 
motive  power  is  also  large.  If  the  total  operating  expenses  of  electric  locomotives  applied 
to  such  dense  traffic  sections  can  be  shown  to  be  sufficiently  lower  than  the  operating 
expense  of  the  existing  motive  power,  and  will  justify  the  required  return  on  the  dif- 
ferential in  the  investment,  then  electric  operation  should  be  carefully  considered  by  the 
railroad: 

(a)  when  its  motive  power  needs  extensive  replacement,  and 

(b)  where  electric  power  can  be  purchased  at  an  attractive  rate, 

(c)  where  competitive  conditions  demand  superior  operating  characteristics  with 
economy. 
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In  the  United  States  and  Canada  large  areas  are  being  served  with  extensive  electric 
power  transmission  networks.  A  glance  at  the  Federal  Power  Commission's  map  of  the 
country  south  of  the  St.  Lawrence  River  and  east  of  the  Mississippi  will  show  a  substan- 
tial power  network  that  covers  the  same  area  as  the  railway  network.  Located  in  this 
area  are  some  of  the  Nation's  busiest  railways.  In  the  west  there  are  large  blocks  of 
cheap  electric  power  available. 

The  railway  load  is  generally  estimated  to  be  about  8  percent  of  the  industrial  load. 
Also,  10  percent  of  the  railway  mileage  carries  SO  percent  of  the  traffic.  It  is  also  esti- 
mated that  40  percent  of  the  railway  motive  power  is  required  for  the  dense  traffic  sec- 
tions. Furthermore,  mergers  are  being  studied  to  increase  the  traffic  density  on  the  more 
favorable  lines. 

Railway  electrification  will  offer  attractive  economic  possibilities  where  the  railroad 
load  factor  is  as  high  or  higher  than  that  of  the  industrial  load.  The  diversity  factor  rela- 
tive to  the  industrial  load  can  also  make  the  railway  load  attractive. 

To  show  how  these  economies  may  be  made,  it  is  necessary  first  to  study  the  com- 
parative operating  expenses  of  electric  and  diesel-electric  line-haul  motive  power. 

It  has  been  the  experience  of  one  railroad  that  operates  large  fleets  of  both  electric 
and  diesel-electric  locomotives  that  the  maintenance  cost  of  diesel-electric  locomotives 
required  to  do  the  same  work  greatly  exceeds  the  cost  of  maintaining  the  equivalent 
electric  locomotives.  While  it  is  too  early  to  predict  the  maintenance  cost  of  the  latest 
rectifier-type  electric  locomotives,  the  early  indications  are  that  their  maintenance  cost 
will  not  exceed  25  percent  of  the  cost  of  maintaining  the  diesel-electric  locomotives  of 
the  same  age  in  the  same  service.  The  cost  of  maintaining  the  new  locomotives  during 
their  first  year  of  service  is  approximately  one-third  of  the  cost  of  maintaining  the 
30-year-old  electric  locomotives  that  they  replaced.  A  study  showed  a  larger  percentage 
increase  in  the  cost  of  maintaining  diesel-electric  locomotives  with  increased  age. 

Where  traffic  density  and  long  runs  between  terminals  at  high  scheduled  speeds  re- 
quire a  large  amount  of  locomotive  horsepower  per  mile  of  track,  the  savings  in  mainte- 
nance become  large  enough  to  justify  the  expenditures  of  roadway  facilities  required  for 
electric  operation. 

Modern  diesel  engines  consume  0.365  lb  of  fuel  per  brake  horsepower  under 
standard  conditions.  When  allowance  is  made  for  power  consumed  by  auxiliaries 
and  for  transmission  efficiency  this  amounts  to  0.067  gal  per  rail  horsepower-hour.  A 
power  input  of  9.95  kwh  is  required  at  the  high  side  of  the  substation  per  each  rail 
horsepower  of  an  electric  locomotive.  Diesel-electric  locomotives,  particularly  in  the 
North,  are  operated  so  that  approximately  0.075  gal  of  fuel  are  consumed  by  the  aver- 
age diesel-electric  locomotive  for  each  rail  horsepower-hour  that  it  produces.  The  cost  of 
power  for  an  electric  locomotive  must  therefore  be  8  mills  to  be  equal  to  the  cost  of  fuel 
at  10  cents  per  gal.  However,  fuel  cost  is  not  the  major  economic  factor.  Maintenance 
usually  occupies  first  place. 

Older  unsupercharged  diesel  engines  had  a  fuel  rate  approximately  10  percent  higher 
than  modern  supercharged  units.  Where  these  units  predominate,  9-mill  power  will  be 
equivalent  to  fuel  for  diesel-electrics  at  10  cents  per  gal. 

Therefore,  if  electric  power  can  be  purchased  for  0.8  cents  per  kwh,  it  will  be  seen 
that  this  is  comparable  to  present  fuel  costs  with  most  diesel-electric  operation. 

The  diesel-electric  locomotive  is  really  an  electric  locomotive  handicapped  by  the 
necessity  of  carrying  its  own  power  supply.  It  should  conceivably  be  less  costly  to  build 
an  electric  locomotive  than  a  diesel-electric  in  quantity  production.  Currently,  the  high- 
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powered  a-c  electric  locomotive  is  selling  for  about  the  same  price  per  rail  horsepower 
as  the  lower-powered  diesel-electric. 

The  rectifier-type  locomotive  can  use  the  same  trucks  and  motors  as  have  been 
used  by  a  large  number  of  diesel-electric  locomotives.  The  locomotives  with  six  axles  and 
all  axles  motored  can  therefore  be  remanufactured  for  use  on  electric  locomotives.  It  is 
also  conceivable  that  the  trucks  and  motors  from  four-axle  units  could  be  reused  eco- 
nomically for  a  large-scale  electrification  program.  This  gives  the  electric  locomotive  the 
same  advantage  as  diesel -electrics  from  the  standpoint  of  remanufacturing  old  diesel- 
electrics  into  either  electrics  or  new  diesel-electrics  as  long  as  the  horsepower  require- 
ments of  the  new  locomotives  can  be  satisfied  by  the  old  motors. 

The  investment  in  contact  systems,  power  control,  and  existing  plant  changes  with 
electric  operation  can  be  appreciable,  but  not  as  large  as  required  for  previous  electrifi- 
cation installations  in  the  U.  S.  No  power  supply  stations  or  transmission  line  invest- 
ments by  the  railroads  are  envisioned.  The  total  of  these  items  should  rarely  exceed  an 
amount  as  large  as  the  motive-power  investment,  and  with  a  good  traffic  density,  should 
be  25  percent  lower. 

The  costs  for  signal  and  communication  changes  required  by  electrification  can  be 
quite  reasonable  if  planned  changes  are  made  in  advance. 

Taxes 

This  item  can  present  an  additional  expense  in  those  states  where  any  improvement 
or  additional  investment  made  to  fixed  property  is  assessed  and  subject  to  additional 
taxation  by  the  community  in  which  the  improvement  is  made.  Where  railroads  are 
taxed  on  gross  earnings,  as  in  some  states,  this  item  would  not  apply. 

A  new  precedent  is  being  established  in  Philadelphia  where  a  lease  has  been  devel- 
oped between  a  railroad  and  the  local  government  whereby  an  electrification  will  be 
installed  on  the  railroad  but  not  owned  or  financed  by  the  railroad.  This  avoids  not 
only  tax  problems,  but  provides  capital  at  3  percent  interest,  with  no  down  payment. 

Summary 

1.  The  principal  economy  that  electric  operation  can  show  over  diesel  operation  is 
in  motive-power  repair  costs.  There  is  also  an  appreciable  saving  in  crew  costs,  since 
the  electric  locomotive  will  weigh  less  per  rail  horsepower  than  the  diesel-electric,  to  do 
the  same  job. 

2.  Where  electric  operation  can  be  applied  to  traffic  of  sufficient  density,  the  return 
on  the  additional  investment  required  compared  with  replacing  the  old  diesel-electric 
locomotives  with  new  ones,  when  measured  over  the  life  of  the  equipment  involved, 
can  be  sufficiently  attractive  that  the  additional  advantages  in  service  to  customers  will 
enable  the  railroads  to  increase  their  gross  revenues  and  at  the  same  time  reduce  costs. 

3.  When  fuel  costs  advance,  as  they  must,  the  financial  return  with  electric  opera- 
tion will  be  greater.  With  continued  diesel  operation,  the  operating  costs  will  increase. 

This  committee  has  studied  railroad  electrification  objectively.  It  is  their  conclusion 
that  electrification  will  enable  U.  S.  railroads  to  improve  their  competitive  position  in 
relation  to  other  modes  of  land  transportation.  Therefore,  its  merits  should  be  given 
careful  consideration  in  planning  for  motive-power  replacement  as  the  existing  diesel- 
electric  units  approach  the  end  of  their  economic  life. 


Rail  Lubrication     ^ 


Thousands  of  miles  of  railroad  track  throughout  the 
United  States,  Canada  and  Mexico  are  being  lubri- 
cated with  Brooks  products. 

Leadolene  plastics  and  Barcote  fluid  grades  —  the 
superior  lubricants  —  resist  corrosion,  moisture  and 
contamination  while  providing  protection  to  plates, 
bolts,  splice  bars,  joints  and  rails. 

Ease  of  application  is  highly  acceptable  for  spraying 
or  brushing  on  existing  joints  and  welded  rail.  Added 
protection  is  given  to  steel  in  tunnels  and  also  steel 
subjected  to  brine  drippage. 

Additional  data  supplied  upon  request. 


The  BROOKS  OIL  Company 

Established  1876        i 

General  offices  and  U.S.  plant;   3304  EdJf  87th  Street*  Cleveland  27,  Ohio 
Canadian  offices  and  plant:   461  Cumberland  Avenue*    Hamilton,  Ontario 


WHAT'S  NEW  IN  YARD  AUTOMATION 


GRS,  a  steady  contributor  to  the  art  of  yard 
automation,  now  brings  you  two  new  "tools" 
which  incorporate  the  latest  developments  in 
ultrasonics  and  locomotive  remote  control: 


ULTRASONIC  CAR  PRESENCE  DETECTOR 

Solves  the  problem  of  distinguishing  between  long 
and  short  cars  in  the  operation  of  switch  detector 
track  circuits. 

Handles  extra  long  cars  automatically — while 
retaining  the  maximum  humping  rate— without 
extending  the  length  of  existing  detector  track 
circuits. 

Uses  the  ultrasonic  principle  to  detect  presence  of  a 
car  body— interlocks  with  detector  track  circuit  to 
ensure  fail-safe  operation. 


HUMP  ENGINE  SPEED  CONTROL  SYSTEM 

Enables  the  selection  of  exact  humping  speed  from 
the  retarder  tower — precisely  maintained,  instantly 
adjustable. 

Eliminates  locomotive  creep-up  during  humping— 
speed  is  regulated  more  closely  than  is  possible  with 
manual  control. 

Applicable  to  any  type  of  diesel-electric  locomotive 
—especially  to  locomotives  already  equipped  with 
GRS  inductive  cab  signaling. 


CONTACT  YOUR   GRS    REPRESENTATIVE    FOR   MORE    INFORMATIO^ 


GENERAL  RAIL\A/AY  SIGNAL  COMPANY 


A   UNIT  OF   GEIMERAL   SIGNAL  CORPORATION 


ROCHESTER    2   NEV 


CHICAGO   1   ILLINOIS  ST   LOUIS   ' 


/lOMTREAL   a   CANAOA 


with  America's  most  complete  line  of 
special  trackwork:  For  Railroads, 
Mines  and  Industries — A  complete 
line  of  frogs,  switches  and  crossings  • 
Trackwork  for  installation  in  paved 
areas  •  Manganese  steel  guard  rails 
•  Automatic  switch  stands  •  Samson 
switch  points  •  Snow-Blowers  •  Switch 
point  guards  •  Rail  and  flange  lubri- 
cators •  Tie  pads  •  Racor  studs  •  Dual 
spike  setters  •  Dual  spike  drivers  • 
Car  retarders. 

with  America's  most  complete  track- 
work  manufacturing  facilities:  Coast 
to  coast  to  serve  your  needs. 


►   RACOR  PLANTS. 

Buffalo  •  Cfiicago  Heigfits  ■  Los  Angeles  • 
Niagara  Falls,  Ontario,  Canada  •    Pueblo 

•  Superior. 

if  RACOR  SALES  AND  ENGINEERING 

Cfiicago  •  Cleveland  •  Denver-  Houston  • 
Los  Angeles  •  Louisville  •  New  York  • 
Philadelphia  •  Richmond  •  San  Francisco 
St.  Louis  •  St.  Paul.  In  Canada;  Dominion 
Bral(e  Shoe  Co.,  Ltd.,  Montreal,  Quebec 

•  Niagara  Falls,  Ontario  •  Winnipeg. 
Manitoba   •  Vancouver,  B.  C. 

>f:  RACOR  RESEARCH: 

Chicago   •    Mahwah,  N.  J. 


with  America's  most  complete  track- 
work  engineering  service:  This  lies  in 
making  available  to  our  customers 
Racor's  engineering  e.xperience — 
practical  experience  from  years  of 
designing  and  manufacturing  .  .  . 
<:/(/iY///a'J  e.xperience  solving  tomor- 
row's trackwork  problems  today  in 
Racor  research  laboratories. 

Why  not  let  us  help  you  with  your 
trackwork  problems? 


RAILROAD  PRODUCTS  DIVISION 
"<t35>"  530  Fifth  Avenue.  New  York  36,  New  York 


I  **I||!5AIC  ..- 

BrakeShoe 
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AREA  Publications — Price  List 

The  following  include  some  of  the  Association  pubhcations  available  from  the 
secretary's  oflBce  on  order.  Prices  shown  are  for  Members  only: 

Member 
Price 
Manual  of  Recommended  Practice,  complete  in  2  volumes,  including  binders 

(first  copy)     $18.00 

Extra  binders,  each   4.50 

Annual  Supplements    (first  copy)    1.00 

Separate  Chapters 
1— Roadway  and  Ballast    1-50 

3— Ties    25 

4-Rail    75 

5-Track     75 

6-BuiIdings     150 

7— Wood  Bridges  and  Trestles   1-00 

8-Masonry    1.00 

9-Highways    0.50 

11— Engineering  and  Valuation  Records   1.25 

13— Water,  Oil  and  Sanitation  Services 1.00 

14— Yards  and  Terminals    1.00 

15— Iron  and  Steel  Structures 1.25 

16— Economics  of  Railway  Location  and  Operation   0.75 

17— Wood  Preservation    50 

18 — Electricity     (AAR    Electrical    Manual,    $23.00    Complete    with    binder. 
Separate  Sections  available,  prices  on  request) 

20-Contract  Forms   1.25 

22— Economics  of  Railway  Labor   0.50 

25— Waterways  and  Harbors    0.25 

27— Maintenance  of  Way  Work  Equipment 0.50 

28-Clearances     0.25 

29- Waterproofing     0.25 

Flexible-cover,  loose-leaf  binder  for  separate  chapters,  each   0.40 

Portfolio  of  Trackwork  Plans— 119  plans,  8  sheets  of  specifications,  5  slieets 

definitions  of  terms,  complete  with  leatherette  cover   $12.50 

Track  Scale  Pamphlet— 109  pages,  flexible  cover   1.00 

Federal  Valuation  of  Railroads— 87  pages,  flexible  cover 1.00 

Instructions  for  Mixing  and  Placing  Concrete-24  pages,  flexible  cover 0.40 

Handbook  of  Instructions  for  the  Care  and  Operation  of  Maintenance  of  Way 

Equipment-149  pages,  hard  cover 0.85 

Instructions  for  Care  and  Safe  Operation  of  Welding  and  Grinding  Equip- 
ment—23  pages,  flexible  cover 0.30 

Specifications    for    Steel    Railway    Bridges    (fixed    spans) -70    pages,    flexible 

cover    0.75 

Specifications  for  Movable  Railway  Bridges— 73  pages,  punched  sheets 1.00 


AOIOJACK„^ 
ELEtTROMATIG 


The  only  completely 
automatic  track  surfacing 
machine  on  the  market 


Proven  in  operation  by  North  America's 
leading  railroads.  Complete  and  auto- 
matic control  of  surface  and  cross  level 
through  tangent  and  curve  territory 
regardless  of  height  of  lift. 

•  Combination  of  Autojack  and  Electromatic 
equals  or  improves  production  of  Electro- 
matic alone. 

#  Precision  of  lift  and  uniformity  of  compaction 
controlled  automatically. 


#  All  variations  in  lift,  level  and  run-out  con- 
trolled from  operator's  panel. 

#  Beam  "sighting"  for  utmost  precision. 

#  Front  buggy  self-propelled  ahead  of  tamper. 


TA  M  P  E  R     I  N  C.    53  Court  St.,  Plattsburgh,  N.Y, 


SALES   AND   SERVICE:   2147  University  Avenue 
St.  Paul  1  4,  Minnesota 
Phone:  645-5055 
IN  CANADA    1  60  St.  Joseph  Blvd., 

Lachine  (Montreal),  P.O. 
Phone:  637-5531 

Your  enquiries  for  detoiled  ififormation  or  brochures  oi 
.    ...ici-.. f. „j  ntkor  trnr\t  ir>nrhin*><  are  invited 


THE  DOUBLE  U  RAIL  ANCHOR 

ACHUFF  RAILWAY  SUPPLy  CO. 
ST.  LOUIS,  MO. 


IFOWTiR 


A  COMPLETE  LINE 
OF  SPRING  WASHERS 


ITHE   NATIONAL  LOCK  WASHER  CO 

Newark  N.  J  .   U.  S.  A. 


Model  N  U  Tie  Cutter 


HERE  IS  THE  WINNING  TEAM 

The  Woolery  NU  Tie  Cutter  and  the  Woolery  Tie-end  Remover  preserve  the  line  and  surface 
of  the  track  and  at  the  same  time  reduce  the  cost  of  tie  renewals.  Ties  can  be  removed 
without  trenching,  jacking  up  track  or  adzing  tops  of  rail-cut  ties.  With  this  team  you  simply 
cut  both  ends  of  tie,  pry  out  center  piece,  insert  in  its  place  the  tie-end  remover  and  out 
go  the  tie  ends  pushed  by  the  double  acting,  double  ended  hydraulic  cylinder  of  the  Tie- 
end  remover. 


FOR  HIGHEST  EFFICIENCY  USE  TWO  TIE  CUTTERS  WITH  ONE  TIE-END  REMOVER 


WOOLERY  MACHINE  COMPANY 


MINNEAPOLIS,  MINN. 


yTj  WOODINGS-VERONA  TOOL  WORKS 

^^f  Pioneer  Manuiacturers 

oi 

HIGH  GRADE  TRACK  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 

Since  1873 
VERONA.  PA.  CHICAGO.  ILL. 


w 

WOODINGS  FORGE  &  TOOL  COMPANY 

Makers 

ol 

WOODINGS  RAIL  ANCHORS 

VERONA,  PA. 

CHICAGO.  ILL. 

Notes  on 

Railroad  Location  and  Construction  Procedures 
from  the  School  of  Experience 

By  J.  A.   Given 

A  series  of  notes,  comments,  short-cut  methods  and  "tricks  of  the 
trade"  written  by  a  railroad  location  engineer  of  many  years  of 
practical  experience  for  the  benefit  of  young  engineers. 

Price  $0.50 

AMERICAN  RAILWAY  ENGINEERING  ASSOCIATION 

59  East  Van   Buren  Street 
Chicago  5,  III. 


at 

your 

service 


for 

all    types   of   cranes 

diesel   wreckers 

pile   drivers 

buckets 


ORTON 


CRANE    &    SHOVEL    CO. 

608       S.       DEARBORN      ST. 
CHICAGO       5,       ILLINOIS 

JOHN  F.  McCULLOUGH 

Pras/denr 
Representatives    in    Principal    Cities 


/         p.    &    M.    PRODUCTS 

"^  •IMPROVED   FAIR   Rail   Anchors 

RAIL   JOINT   PRODUCTS 

•  Rajo  Joints 

•  Insulated  Joints 

•  Compromise  Joints 

•  Fibre 

MAINTENANCE    EQUIPMENT    PRODUCTS 

•  Meco  Rail  and  Flange  Lubricators 

•  Meco  Rail  Layers 

•  Meco  Brush  Cutters 

•  MACK  Reversible  v 
Switch  Point  Protectors 


PEERLESS    EQUIPMENT   PRODUCTS 


•  Draft  Gears 


PRODUCTS  OP  PROGRESS 

POOR  &    COMPANY 

Railway  Products  Division  80  E.  Jackson  Blvd.,  Chicago  4,  III. 


P.  O.   Box   10378 


Area   Code  305 
LOgan  6-7922 


President- 


GREENHEART,   INC. 

1431    N.  E.  26th  Street 
FORT  LAUDERDALE,  FLORIDA 

-John   L.  McEwen — Quarter  Century  Experience 

IMPORTERS: 

GREENHEART— 3300F  Piles,  Lumber, 
Timbers  Long  Length 

MORA  EXCELSA — Lumber  and  Timbers 

MANBARKLAK— Piles 

ANGELIOUE  (Basra  Locus) — Piles,  Lumber  and  Timbers 
and   other  Woods  from 

Burma,   Siam,  Australia,  Africa   and   South  America 

Oafa  furnished  on   request 


BUTTE 


MINNEAPOLIS  9      A  'l 

CHICAGO  # 

STOCKTON 

0  NO.  KANSAS  CITY 

0  LOS  ANGELES 

BIRMINGHAM  ^ 

HiL. 

FORT  WORTH  #   9  TEXARKANA 

U.S.  BORAX  OFFERS  COMPLETE  VEGETATION  CONTROL 

SERVICE  AND  PRODUCTS  THROUGHOUT  THE  COUNTRY 

Our  railroad  herbicide  specialists  know  your  regional 
weed,  soil,  and  weather  conditions.  They  have  an  ex- 
tremely wide  selection  of  weed  and  brush  killing 
chemicals.  Now,  with  strategically  located  production 
facilities  and  the  most  efficient  spray  cars  in  railroading 
today,  U.S.  Borax  is  fully  equipped  to  contract  for  any 
vegetation  control  program— and  carry  it  out  promptly, 
effectively  and  economically.  >»^v^v>»^^v*jwi*<s» 

We  would  like  an  opportunity 
to  prove  it  to  you.  Write  today. 

3456  Peterson  Avenue,  Chicago  45  •  INdependence  3-6262 


BORAX 


p 

Hubbard  Super  Service  Alloy  Spring  Washers 

Hubbard  Super  Steel  Alloy  Spring  Washers 

Hubbard  Track  Tools 

Hubbard  Tool  Division 

UNIT  RAIL  ANCHOR  CORPORATION 

New  York  Pittsburgh  Chicago 


t 


Unit  Rail  Anclior 

UNIT  RAIL  ANCHOR  DIVISION 


UNIT  RAIL  ANCHOR  CORPORATION 
NEW  YORK  PITTSBURGH  CHICAGO 


Assure  lower  maintenance  costs, 
better  performance  with... 

TEXACO 

Petroleum  Products  and 
Systematic  Engineering 
■  Service 

TEXACO  INC. 

RAILWAY  SALES  DIVISION 

135  East  42nd  St.,  New  York  17,  N.  Y. 
NEW  YORK  .  CHICAGO  •  SAN  FRANCISCO  •  ST.  LOUIS  •  ST.  PAUL  •  ATLANTA 


MODEL  441 

Developed  and  Built 
for  Railroad  Maintenance 

180°  BOOM  SWING 

dOBS  ALL  JOBSi 


ROOTS  AND  LOADS  TIES 


LAYING  WELDED  RAIL 


CUTS     MAINTENANCE     COST 


12  ¥AST  CHANGE  ATTACHMENTS 


•  Forks 

•  ^V4  Cu.  Yd.  Bucket 

•  Tote  Hook 

•  18'  Boom   Extension 

•  Fork  Tie  Baler 

•  Track  Cleaning   Bucket 


•  Back  Hoe 

•  Clamshell 

•  Back  Filler  Blade 

•  Pull   Drag   Bucket 

•  4  Cu.  Yd.  Snow  Bucket 

•  Pile  Hammer 


Optional   Attachment 
Flanged   Wheels,   Hydroulicolly  Controlled 


9'  WIDE  TRACK  CLEANING  BUCKET* 


PETTIBONE  MULLIKEN  CORPORATIIl 

RAILROAD,#^fejjDIVISION 

t41    W.  JACKSON^^lt^s^  CHICAGO  4,  ILL. 

80  Years  of  Service 
to  the  Railroad  Iridustry 


sprayed 
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ALLIED  CHEMICAL 

UROX' Weed  Killer  g/ves  up  to  is  months  control 

However  or  wherever  you  use  Urox,  a  single  application  con- 
trols weeds  as  long  as  18  months.  Urox  gives  complete  control. 
Kills  all  plant  growth.  Costs?  Urox  kills  more  weeds  per-mile 
per-dollar!  Its  effects  are  cumulative.  You  use  small,  economical 
booster  doses  to  keep  its  killing  power  going  year  after  year. 
'With  many  weed  killers  you  need  full  treatments  each  year.) 
jrox  is  available  in  liquid  and  granular  forms;  special  grades 
are  available  for  special  problems.  Your  Allied  Chemical  rep- 
resentative will  be  glad  to  give  you  the  facts. 


I^H 


GENERAL  CHEMICAL  DIVISION 

P.  O.  Box  353,  Morristown,  N.  J. 


Here  are  the  up-to-date  facts  on  the  SPENO  Ballast 
Cleaning  and  the  SPENO  Rail  Grinding  Services. 


BALLAST  CLEANING 


SPENO  Engineering  and  Research  has  de- 
veloped a  superior  screening  arrangement  so 
that  we  are  now  using  an  improved  Ballast 
Cleaner  with  greater  efficiency. 

RAIL  GRINDING 

Our  Rail  Grinding  Service  has  been  so  well 
received  —  we  now  have  Three  Rail  Grind- 
ing Trains  to  take  care  of  the  demand. 


SPENO  is  constantly  developing  means  for 
better  service  to  make  sure  that  the  Railroads 
receive  everything  they  pay  for  —  and  more. 
Outside  North  American  continent: 

SPEMA  RAIL  SERVICES  S.A. 
Grand-Pom  2,  Lausanne,  Switzerland 

Canadian  Sales  Representatives: 

THE  HOLDEN  CO.  UMITED 

614St.  James  St.,  West 
Montreal,  Canada 


c/u^^/ts^  Zi4e  '^^^^z^^a^  y^^z^na^e-  usea!y  as/ 


FRANK  SPENO  RAILROAD  BALLAST  CLEANING  CO.,  INC. 


306  North  Cnruga  Si. 
llhaca.  N    Y. 
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THE  TRASCO  CAR   RETARDER 

HUNDREDS  IN  SERVICE 
IN  CLASS  YARD  TRACK 


TRACK  SPECIALTIES  COMPANY 


P.O.  BOX  729 


WESTPORT,  CONNECTICUT 


American  Railway 

Engineering  Association— Bulletin 


Bulletin   584  February   1964 

Proceedings  Vol.  65* 


REPORTS  OF  COMMIHEES 

1 — Roadway  and  Ballast 481 

5— Track    511 

4 — Rail 519 

Continuous  Welded  Rail 609 


The  reports  in  this  issue  of  the  Bulletin  wlD  be  presented  to  the  1964  Annual 
Meeting  of  the  Association  at  the  Pick-Congress  Hotel,  Chicago,  March  9-11. 
Comments  and  discussion  with  respect  to  any  of  the  reports  are  solicited,  and 
should  be  addressed  to  the  chairman  of  the  committee  involved,  in  writing  in 
advance  of  the  Meeting,  or  from  the  floor  during  the  Meeting. 


•  The  contents  of  this  Bulletin  and  the  other  Bulletins  of  the  Association  from  Bulletin 
S80,  September-October  1963,  to  and  including  Bulletin  S86,  June-July  1964  (except  Bulletin 
585,   March   1964).  wiL  constitute  the  Annual  Proceedings  of  the  Association,  Vol.  65. 


Copyright    1964,    by    American    Railway    Engineering    As*ociation 
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(E)  Member  Emeritus. 

Those    whose    names    are    set    in    bold    face    type    constitute    the    Engineering    Division,    .A.AR.    Com- 
mittee  1. 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Brief   progress   statement   recommending  adoption   of  the   revisions   to   the 

Manual  set  forth  in  the  roprts  on  .Assignments  S,  8,  and  10  page  483 

2.  Physical  properties  of  earth  materials: 

(a)  Roadbed.    Load    Capacity.    Relation    to    ballast.    .Allowable    pressures. 
Study  in  progress,  but  no  report. 

(b)  Structural   foundation   beds,   collaborating   with   Committees   6  and   8. 

Part  1 — Pressure    grouting   stabilizes   foundation,   submitted   as   infor- 
mation        page  484 

Part  2 — Attempted    stabilization    by    grouting    of    bridge    foundations 

on  the  Genesee  &  Wyoming,  submitted  as  information   page  490 
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3.  Natural  waterways;   prevention  of  erosion. 

Research  is  being  done  to  revise  present  Manual  material,  with  the  view 
of  up-dating  it  to  reflect  more  recent  data  in  determining  size  of  waterway 
openings  and  prevention  of  erosion, 

4.  Culverts. 

(a)  Erosion  control   for  outlet  structures. 

Research  on  this  assignment  was  started  in  19.S8  at  Colorado  State 
University  as  a  three-year  project.  Budget  curtailment  in  succeeding 
years  forced  cancellation  of  the  work  without  having  obtained  enough 
data  for  a  progress  report.  It  has  been  recommended  that  the  subject 
be  discontinued. 

(b)  Repair  of  short  pipe  sections  that  have  pulled  apart. 

A  report  on  this  subject  was  published  in  Bulletin  563,  February  1961. 
pages  691-602.  The  committee  has  made  further  study  and  review  but 
has  found  nothing  to  add  to  that  report.  It  has  been  recommended 
that  the  subject  be  discontinued. 

5.  Specifications    for   pipelines   for   conveying   flammable   and    non-flammable 
substances,  collaborating  with   Committees   IS  and   20. 

Part  1 — Manual  recommendations,  submitted  for  adoption   page  491 

Part  2 — Tests    on    simulated    uncased    pipeline    crossings    of    highways    and 

railways,   submitted   as  information    page  492 

6.  Roadway:    formation   and   protection: 

Manual  material  on  formation  of  the  roadway  is  being  rewritten  to  reflect 
present-day  methods. 

(a)  Roadbed  stabilization. 

Study  in  progress,  but  no  report, 

(b)  Slope  protection. 

Manual  material  is  being  revised  to  up-date  it  in  line  with  present-day 
materials  and  methods. 

(c)  Performance  of   filter   material  in   subdrains. 
Study  in  progress,  but  no  report. 

(d)  Special   treatments   for  subgrade  improvement. 
Study  in  progress,  but  no  report. 

(e)  Hydraulic   fills,   collaborating  with   Committee   25. 
Study  in  progress,  but  no  report. 

7.  Tunnels. 

(a)  Ventilation:   changes  necessary  for  operation  of  diesel  power. 
Study  in  progress,  but  no  report. 

(b)  Clearance:    methods    used    to    increase,    collaborating    with    Commit- 
tee 28. 

Progress  report  telling  how  the  Milwaukee  Road  tackled  the  problem 

of  increasing   tunnel  clearances    page  496 

(c)  Methods  of  open-cutting. 

Studies  are  being  made  of  past  experiences. 
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8.  Fences. 

Progress   report,   including  Manual   recommendations  submitted   for   adop- 
tion      page  502 

(a)   Metal  fence  to  check  drifting  snow  and  sand. 

Progress  report,  presented  as  information    page  502 

9.  Roadway  signs. 

(a)  Reflectorized  and  luminous  roadway  signs,  collaborating  with  Com- 
mittees 5  and  9  and  with  the  Signal  and  Communication  Section, 
AAR. 

Research  has  been  discontinued  temporarily  because  of  the  curtailment 
of  research  funds.  However,  the  committee  feels  that  the  subject 
should  not  be  dropped  as  new  products  are  constantly  being  developed, 
some  of  which  might  be  adaptable  for  this  purpo.se. 

(b)  Shop  layout  for  production  of  roadway  signs. 
Study  in  progress,  but  no  report. 

10.  Ballast. 

Part  1 — Field  inspection   of  open-hearth  slag  ballast  in  service,  submitted 

as   information    page  504 

Part  2 — Manual    recommendations,   submitted    for   adoption    page  508 

Part  3 — Tentative  new  ballast  sections  and  ballast   quantity  graphs,  sub- 
mitted  as   information    page  508 

11.  Chemical    control    of    vegetation,    collaborating   with    Communication    and 
Signal  Section,  AAR. 

Study  in  progress,  but  no  report. 

The   Committee  on  Roadway  and   Ballast, 

F.  N.  Beighlev,  Chairman. 

ARE.\    Bulletin    584,    February    1964^ 

Report  on  Assignment  1 

Revision  of  Manua) 

G.  B.  Harris  (chairman,  subcommittee),  R.  D.  Baldwin,  G.  \V.  Becker,  K.  VV.  Bradlev, 
T.  W.  Creighton,  \V.  P.  Eshbaugh,  P.  G.  Martin,  G.  D.  Mayor,  G.  F.  Nigh,  C.  E. 
Webb,  A.  J.  Wegmann. 

Your  committee   recommends   the  adoption   of   the   revisions   to  the  Manual  as  .set 
forth  in   the  reports  on  Assignments  5,  8,  and   10. 
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Report  on  Assignment  2 

Physical    Properties   of   Earth   Materials 

(a)  Roadbed.   Load   Capacity.   Relation  to   Ballast.  Allowable  Pressures 

(b)  Structural  Foundation  Beds,  Collaborating  with  Committees  6  and  8 

W.   P.    Eshbaugh    (chairman,   subcommittee),   H.   F.   Davenport,   M.   B.   Hansen,   R.   R. 
Manion,   F.   L.  Peckover,   J.  W.  Poulter,   S.  W.  Sweet. 

Your  committee  presents  its  report  this  year  in  two  parts,  both  pertaining  to 
Assignment  2    (b)   and  both  as  information. 

Part  1  is  a  report  by  R.  E.  Buss  of  the  Illinois  Central  Railroad  describing  the 
stabilization  of  a  building  foundation  by  means  of  pressure  grouting  with  a  cement- 
water  slurry.  This  report  was  previously  published  in  Concrete  for  Railways,  No.  59, 
1961,  by  the  Portland  Cement  Association,  but  the  committee  desires  to  republish  the 
report  because  of  the  interesting  and  valuable  information  contained  therein.  Apprecia- 
tion is  expressed  to  the  PCA  and  Mr.  Buss  for  their  permission  to  republish  the  paper. 

Part  2  describes  the  attempted  stabilization  by  grouting  of  bridge  foundations  on 
the  Genesee  &  Wyoming  Railroad  near  Geneseo,  N.  Y. 

Part  1 
Pressure   Grouting    Stabilizes    Foundation 

By  R.  E.  BUSS* 

In  1958  after  other  corrective  measures  were  suggested,  the  Illinois  Central  decided 
to  use  Portland  cement  pressure  grouting**  to  solve  a  particularly  annoying  foundation 
problem  at  Centralia,  111.  Three  new  300-hp  air  compressors  housed  in  a  boiler  plant 
were  transmitting  excessive  vibration  through  their  foundation  slab  to  the  surrounding 
area.  The  vibrations  were  so  severe  it  was  feared  that  structural  damage  might  occur 
in  nearby  buildings.  In  addition,  some  of  the  work  being  done  in  an  adjacent  car  shop 
facility  was  periodically  interrupted  by  the  vibrations. 

The  three  compressors,  along  with  miscellaneous  equipment  for  heating  yard  facil- 
ities, are  housed  in  a  building  SO  ft  wide  by  60  ft  long.  The  compressors  are  mounted 
adjacent  and  parallel  on  a  4-ft-thick  concrete  foundation  separated  from  the  6-in 
concrete  floor  by  a  1-in  isolation  joint. 

A  field  check  of  the  air  compressors  proved  that  they  were  correctly  balanced  and 
alined.  However,  when  the  three  compressor  units  operated  in  synchronism  they  pro- 
duced a  horizontal  movement  of  the  foundation  in  a  direction  parallel  to  the  horizontal 
piston  stroke.  The  movement  was  sufficient  to  open  and  close  the  joint  between  the 
floor  slab  and  compressor  foundation  about  iV  in.  This  occurred  without  any  settle- 
ment of  the  slab  or  compressor  foundation. 

To  determine  the  cause  of  the  movement  a  study  of  the  underlying  soil  was  made 
(Fig.  1).  It  indicated  that  the  probable  cause  was  a  layer  of  peat-like  material  extending 


*  Superintendent    of    maintenance    of    way    equipment,    Illinois    Central    Railroad    Co.,    now    retired. 
**  Although     pressure    grouting     is    commonly     associated    with     roadbed    stabilization,    grouting    of 
foundations   was   one   of   the   first   uses  of   portland   cement,   dating   in   this  country  from    1845    (Transac- 
tions,   American    Society    of    Civil    Engineers,    March    1891). 
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The  first  grout  point  was  located  inside  the  compressor  building.  Before 
drilling  through  the  concrete  floor  adjacent  to  the  compressor  foundation, 
building  plans  were  checked  to  make  sure  the  grout  pipe  would  clear  utility 
lines  beneath  the  building. 


Grouting  was  continued  through  the  building  floor  until  grout  pene- 
trated a  drain  trough.  Periodic  elevation  checks  were  made  on  the  building 
during  grouting  to  assure  that  it  was  not  raised  by  the  grout. 


486 


Roadway    and    Ballast 


The  154-in  20-ft  grout  points  were  driven  with  a  pneumatic  hammer. 
To  assist  in  driving,  air  was  forced  into  the  point  as  it  was  driven  into  the 
soil  and  was  continued  until  the  grout  point  reached  its  final  position  in  the 
peat  layer.  Grout  was  pumped  into  one  point  at  a  time. 
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Grout  was  mixed  and  pumped  by  the  same  equipment  that  the  IC  uses 
in  track  grouting.  A  crew  of  four  men  operated  the  equipment — two  men 
feeding  the  hopper  with  sand  and  cement,  one  man  operating  the  mixer,  and 
one  man  keeping  the  water  barrel  full  and  periodically  checking  the  grout 
hose   and   grout  point   for  stoppage. 


from  12  to  19  ft  below  ground  surface.  The  soils  investigation  further  indicated  that 
the  troublesome  layer  had  a  jelly-like  consistency. 

From  this  it  was  deduced  that  the  compressor  foundation  was  probably  trans- 
mitting the  vibrations  throughout  the  area  by  sliding  back  and  forth  on  this  gelatinous 
layer  of  soil.  Due  to  the  amount  of  water  and  the  general  make-up  of  the  unstable 
layer,  it  was  decided,  on  the  recommendation  of  Rockwell  Smith,  research  roadway 
engineer  of  the  Association  of  .American  Railroads,  that  pressure  grouting  would  be  the 
cheapest  and  most  desirable  way  to  stabilize  this  soil. 

The  purpose  of  the  pressure  grouting  was  to  solidify  the  jelly-like  layer  by  replacing 
the  water  with  a  portland-cement  grout,  and  thereby  produce  a  stable  base  capable 
of  damping  the  vibrations. 

Pressure  grouting  operations  were  started  in  August  1958  and  completed  in  five 
weeks  despite  delays  due  to  inclement  weather.  The  Illinois  Central  used  the  same 
equipment  normally  used  for  track  grouting.  It  consists  of  a  hydraulic  grouting  machine, 
grout  points,  grout-point  puller,  pneumatic  hammer,  water  barrels  and  hoses,  and  a 
pneumatic  drill.  Four  men  are  required  to  operate  this  equipment — two  men  to  feed 
the  hopper  with  cement,  one  man  to  operate  the  grouting  machine,  and  the  fourth  to 
fill  the  water  barrels  and  check  the  grout  points  and  hoses  for  stoppage. 

Grouting  was  done  at  M  different  locations  in  and  around  the  boiler  plant  perimeter. 
The  location  of  each  grout  point  (Fig.  2)  was  chosen  on  the  basis  of  the  amount  of 
grout  accepted  at  the  previous  location.  Two  of  the  grout  points  were  located  in  the 
boiler  building.  Grouting  through  the  first  point  was  stopped  when  grout  broke  through 
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Fig.    1 — Soil   cross   section.   Examination  of   the  soil   showed   about 
40  percent  water  in  the  peat  layer. 


a  construction  joint  in  the  pipe  troughs  located  near  the  boiler.  At  the  second  point 
grouting  was  stopped  when  the  boiler  room  floor  showed  signs  of  hairhne  cracks  from 
the  upward  pressure  exerted  by  the  grout.  At  the  remaining  28  locations  grout  was 
pumped  until  saturation  of  the  peat-like  layer  was  assured  by  the  appearance  of  grout 
on  the  ground  surface  around  the  building. 

Grout  points  were  driven  with  a  pneumatic  hammer  to  a  depth  of  about  18  ft  to 
obtain  maximum  displacement  of  the  water  in  the  peat-like  layer  during  grouting.  An 
air  line  was  connected  to  the  point  during  driving  to  prevent  the  point  from  clogging. 
Neat  cement  grout,  consisting  of  1  sack  of  cement  to  about  7  gal  of  water,  was  used 
for  the  first  grout  point.  Because  the  grout  was  readily  accepted,  an  equal  amount  of 
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Fig.  2 — Plan  of  building  with  grout  point  locations.  The  crew  used  20-ft 
points  at  all  but  locations  2  and  3,  where  12-ft  points  were  driven.  Very 
little  grout  was  accepted  at  the  12-ft  points. 


sand  was  added  to  the  cement  to  make  the  grout  more  economical  at  subsequent  loca- 
tions. At  a  later  date  the  sand  was  replaced  with  a  pozzolanic  filler  to  improve  the 
pumpability  of  the  grout.  The  amount  of  grout  accepted  by  the  soil  at  each  location 
varied  from  3  cu  yd  of  solids  to  as  high  as  10  cu  yd.  The  total  weight  of  the  solids 
used  was  380,000  lb  including  approximately  600  bbl  of  cement. 

A  noteworthy  feature  of  the  stabilization  of  the  boiler  plant  foundation  is  that  in 
addition  to  the  relatively  low  cost  of  performing  the  work,  the  entire  project  was  satis- 
factorily completed  without  interrupting  normal  operations  of  the  facility  at  any  time. 
Of  primary  importance  is  the  fact  that  70  to  80  percent  of  the  vibration  in  the  area 
has  been  eliminated — -resulting  in  a  successful  solution  to  a  very  troublesome  problem. 

The  work  was  performed  under  the  general  direction  of  J.  M.  Trissal.  vice  president 
and  chief  engineer;  and  under  the  direct  supervision  of  J.  C.  Jacobs,  then  engineer 
maintenance  of  way;  with  R.  E.  Buss,  then  superintendent  of  maintenance  of  way 
equipment,  and  I.  LaMantia,  building  inspector,  in  charge  in  the  field. 
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Part  2 

Attempted  Stabilization  by  Pressure  Grouting  of  Bridge 
Foundations  on  the  Genessee  &  Wyoming 

Part  2  of  the  report  of  your  committee  describes  the  attempted  stabilization  of 
bridge  foundations  on  the  Genesee  &  Wyoming  Railroad  near  Geneseo,  N.  Y. 

The  stone  abutments  for  this  bridge  were  built  in  1895.  In  1948  the  north  abut- 
ment was  underpinned,  and  all  joints  in  both  abutments  were  cut  out  and  pressure 
pointed.  Both  abutments  and  the  earth  fill  in  back  of  them  were  pressure  grouted. 
No  horizontal  movement  of  either  abutment  had  occurred  before  that  time. 

During  the  summer  of  1950  some  horizontal  movement  in  the  south  abutment  was 
discovered  and  a  close  watch  was  subsequently  kept  on  it.  The  movement  was  progres- 
sive and  had  reached  an  average  of  2  in.  in  1961  when  the  abutment  was  again  repaired 
and  a  new  steel  girder  erected.  In  this  work  the  parapet  wall  to  the  bridge  seat  was 
torn  down,  and  the  original  stone  was  relaid  and  backed  with  a  concrete  wall.  It  was 
during  the  excavation  for  this  work  that  damp,  slimy  slip  planes  created  by  the  grout 
placed  in  1948  that  had  not  hardened  were  discovered.  It  is  believed  that  these  slip 
planes  were  the  primary  cause  of  the  movement. 

This  is  one  of  the  very  few  instances  on  record  where  grout  failed  to  harden.  As  the 
area  is  adjacent  to  salt  mines  (sodium  chloride),  it  is  possible  that  sulphate  and  other 
compounds  may  have  been  responsible.  It  should  be  noted  that  the  grouting  of  the 
other  abutment  was  successful. 

A  sample  of  the  unhardened  grout  mixture  was  obtained  at  the  time  of  excavation 
for  the  work  done  in  1961.  This  sample  was  analyzed  through  the  courtesy  of  the 
Portland  Cement  Association  and  the  following  is  quoted  in  part  from  its  analyses: 

"A  petrographic  examination  of  the  grout  has  revealed  the  presence  of  normally 
hydrated  cement  grains,  abundant  calcium  carbonate,  and  copious  amounts  of  a  com- 
pound known  as  thaumasite.  This  compound  has  the  unusual  composition  of  CaSiO;.. 
CaSOi.CaCOs.  14.SHuO.  Since  this  is  the  first  known  association  of  thaumasite  with 
Portland  cement,  considerable  skepticism  was  expressed  as  to  the  validity  of  its  detec- 
tion. Electron  microscope  examinations  have  since  confirmed  the  petrographic 
observations. 

"Considerable  interest  now  exists  concerning  the  type  of  environment  favorable 
to  the  formation  of  thaumasite.  Whether  this  is  involved  in  the  immediate  problem  of 
setting  is  not  known.  Often,  where  sulfate  attack  is  responsible  for  the  poor  performance 
of  cement  or  concrete,  compounds  such  as  ettringite  (calcium  sulfoaluminate  hydrate)  or 
gypsum  (calcium  sulfate  dihydrate)  are  formed.  If  aggressive  carbon  dioxide  solutions 
are  responsible  for  failures,  calcium  carboaluminates  and  calcite,  or  leaching  of  susceptible 
compounds  (CaCOa,  Ca(OH)-)  can  be  noted.  The  problem  at  hand  apparently  repre- 
sents an  environment  favorable  to  the  interaction  of  calcium  silicates  and  sulfate  and/or 
carbonate  solutions  with  the  resultant  formation  of  thaumasite.  More  work  is  con- 
templated to  further  understand  the  circumstances  favoring  the  formation  of  thaumasite 
in  hydrating  portland  cement. 

"A  chemical  analysis  was  also  made  to  determine  the  cement  content  of  the  grout. 
Based  on  silica  content,  the  amount  of  portland  cement  present  was  calculated  to  be 
19  percent.  This  undoubtedly  is  too  large  a  figure  because  thaumasite  had  to  be  included 
in  the  determination.  A  more  accurate  figure  would  be  approximately  16  percent." 
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The  PCA  has  asked  for  additional  information  as  to  the  type  of  soils  and  rock  into 
which  the  grout  was  injected,  the  composition  of  the  grout,  an  analysis  of  the  mix 
water,  the  ground  water,  and  the  type  of  cement.  This  information  is  to  be  furnished 
and  further  information  may  be  available  next  year. 


Report  on  Assignment  5 

Specifications    for    Pipelines    for    Conveying    Flammable 
and    Non-Flammable   Substances 

Collaborating  with  Committees   15  and  20 

A.  J.  Wegmann   (chairman,  subcommittee),  W.  T.  Adams,  C.  R.  Bergman,  L.  H.  Bond, 
J.  G.  Campbell,  R.  E.  demons,  G.  B.  Harris,  F.  S.  Patton,  K.  W.  Schoeneberg. 

Your  committee  presents  its  report  on  Assignment  5  in  two  parts.  Under  Part  1 
certain  revisions  to  the  Specifications  for  Pipelines  for  Conveying  Flammable  and  Non- 
Flammable  Substances  are  submitted  for  adoption.  Part  2  is  a  resume  of  the  tests  on 
simulated  uncased  pipeline  crossings  of  highways  and  railways  conducted  at  the  AAR 
Research  Center  as  part  of  a  cooperative  agreement  with  the  American  Society  of  Civil 
Engineers  Pipeline  Crossing  Research  Council. 

Part   1 
Manual  Recommendations 

Your  committee  submits  for  adoption  the  following  recommendations  with  respect 
to  Part  S,  Chapter  1,  of  the  Manual: 

Pages   1-5-1  to   1-5-10,  incl. 

SPECIFICATIONS  FOR  PIPELINES   FOR   CONVEYING 
FLAMMABLE  AND  NON-FLAMMABLE  SUBSTANCES 

Page  1-5-3.  Delete  the  paragraph  under  Sec.  A,  Art.  3  beginning  with  the  words: 
"The  minimum  wall  thickness  for  steel  or  wrought  iron  .  .  ." 

Page  1-5-3,  Sec.  A,  Art.  4 — Casing  Pipe.  Revise  table  to  read  as  follows: 

Table  of  Minimum  Wall  Thickness  for  Steel  Casing  Pipe  for  E  72  Loading 

Nominal  Nominal 

Thickness  Diameter 

Inches  Inches 

0.188     Under   14 

0.219     14  and  16 

0.250     18 

0.281      20 

0.312      22 

0.344     24 

0.375     26 

0.406     28  and  30 

0.438      32 

0.469         34  and  36 

0.500     '.'. 38,  40  and  42 
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Page  1-5-4.  In  the  paragraph  concluding  at  the  top  of  the  page,  delete  the  last 
two  sentences  reading  as  follows:  "Pit-cast  pipe  may  be  used  up  to  20  in  diameter. 
Centrifugal-cast  pipe  shall  be  used  for  pipe  over  20  in  diameter." 

Page  1-5-7,  Sec.  B,  Art.  4 — Casing  Pipe.  Revise  table  to  read  as  follows: 

Table  of  Minimum  Wall  Thickness  for  Steel  Casing  Pipe  for  E  72  Loading 

Nominal  Nominal 

Thickness  Diameter 

Inches  Inches 

0.188  Under  14 

0.219  14  and  16 

0.250  18 

0.281  20 

0.312  22 

0.344  24 

0.375  26 

0.406  28  and  30 

0.438  32 

0.469  34  and  36 

0.500  38,  40  and  42 

Page  1-5-8.  In  the  second  and  third  lines  under  Fig.  2,  delete  the  two  sentences 
reading  as  follows:  "Pit  cast  pipe  may  be  used  up  to  20  in  diameter.  Centrifugal  cast 
pipe  shall  be  used  for  pipes  over  20  in  diameter." 


Part  2 

Tests   on    Simulated   Uncased   Pipeline   Crossings 
of    Railways   and    Highways 

Early  in  1960  the  Association  of  American  Railroads  agreed  to  enter  into  a  coop- 
erative research  project  with  the  American  Society  of  Civil  Engineers  Pipeline  Crossing 
Research  Council.  The  objective  of  the  research  was  to  measure  the  strain  in  steel 
gas  distribution  pipes  under  the  combined  influence  of  internal  pressure  and  external 
loads,  and  to  develop  a  rational  design  formula  for  gas  distribution  piping  under 
combined  loads. 

To  provide  experimental  data  an  extensive  series  of  tests  were  conducted  on  8-in 
and  12-in  uncased  pipe  to  which  representative  external  loads  and  internal  pressures 
were  applied  both  simultaneously  and  individually.  Strains  in  the  pipe  produced  by 
these  loads  were  measured  by  means  of  SR-4  strain  gages. 

The  experimental  work  was  conducted  at  the  Engineering  Laboratory  of  the  Asso- 
ciation of  American  Railroads  Research  Center,  under  the  direction  of  G.  M.  Magee, 
director  of  engineering  research,  and  Rockwell  Smith,  research  engineer  roadway  of  the 
AAR.  The  overall  testing  program  was  under  the  general  direction  of  M.  G.  Spangler, 
program  director,  ASCE  Pipeline  Research  Council,  and  under  the  immediate  supervision 
of  G.  L.  Hinueber,  engineering  laboratory  manager  of  the  AAR. 

Two  pipes  were  tested,  one  8.625  in  by  0.219  in,  and  the  other  12.75  in  by  0.250  in. 
The  pipe  was  of  the  type  and  grade  currently  used  in  gas  distribution  systems  and  was 
furnished  by  the  ASCE  Pipeline  Crossing  Council. 

Triaxial  rosette  strain  gages  were  installed  on  the  outside  of  the  pipe  wall  at  four 
gage  stations,  one  of  which  was  at  the  center  of  the  pipe  and  the  others  spaced  2  ft 
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Fig.    1 — Strain  gages   positioned  on  test  pipe. 


apart  toward  one  end.  The  gages  were  mounted  at  the  ends  of  the  vertical  and  hori- 
zontal diameters  and  one  45-deg  diameter,  as  shown  in  Fig.  1.  The  gages  were  fully 
protected  against  physical  damage  during  subsequent  installation  of  the  pipe  and 
compacting  of  the  soil  around  it. 

The  pipe  was  installed  in  a  soil  embankment  constructed  within  the  loading  frame. 
The  soil  was  placed  between  confining  timber  bukheads  and  compacted  in  6-in  layers 
to  approximately  95  per  cent  of  standard  Proctor  density.  Upon  completion  of  the 
embankment,  a  trench  2  ft  wide  and  of  a  depth  that  would  give  a  1^-ft  cushion  of  soil 
on  the  laboratory  floor  was  excavated  between  the  bulkheads.  The  experimental  pipe 
was  then  placed  in  the  trench  with  the  diameter  passing  through  the  top  and  bottom 
strain  gages  placed  vertically  (Fig.  2).  The  gage  station  at  the  center  of  the  pipe  was 
placed  coincident  with  the  center  of  the  embankment. 

Both  ends  of  the  pipe  were  closed  with  welded  caps  capable  of  withstanding  the 
same  ultimate  internal  pressure  as  the  pipe  itself.  One  of  the  caps  was  fitted  with  a 
nipple  and  valve  through  which  internal  hydrostatic  pressure  was  introduced  into 
the  pipe. 

After  the  pipe  was  in  place  it  was  filled  with  water  and  allowed  to  stand  overnight. 
The  internal  hydrostatic  pressure  was  then  brought  up  to  a  value  equal  to  72  percent 
of  the  minimum  yield  strength  of  the  pipe  (1200  psi  for  the  8-in  pipe,  and  1000  psi  for 
the  12-in  pipe)   and  reduced  in  200  psi  increments,  with  strain  gage  readings  taken  for 
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Fig.  2 — Experimental  pipe  in   trench. 
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Fig.  3 — Applying  external  load  through  track  segment. 


each  increment.  The  soil  was  then  placed  and  tamped  around  and  over  the  pipe  in  6-in 
layers  to  a  depth  of  V/i  ft  over  the  top  of  the  pipe.  Three  inches  of  sub-ballast  and 
6  in  of  top  ballast  materials  were  then  placed  and  tamped  on  top  of  the  soil  fill.  A 
three-tie  segment  of  railroad  track  structure  was  then  placed  on  the  surface  of  the 
embankment  centered  over  the  gage  station  at  the  center  of  the  pipe. 

The  external  loading  apparatus  consisted  of  a  loading  frame  composed  of  heavy 
longitudinal  and  transverse  steel  beams  bolted  to  steel  columns.  The  loading  frame 
served  as  a  reaction  for  an  Amsler  hydraulic  jack  which  transmitted  the  loads  to  the 
test  specimen  (Fig.  3).  The  hydraulic  jack  was  activated  by  the  other  component  parts 
of  the  -Amsler  static  and  dynamic  testing  plant  and  was  mounted  over  the  test  bed. 

The  railroad  loading  phase  of  the  test  consisted  of  applying  external  loads  of  zero, 
18  kips.  .^6  kips,  54  kips,  72  kips  and  95  kips  through  the  track  section  by  means  of  the 
hydraulic  jack.  The  internal  pressure  was  varied  in  200  psi  increments  up  to  a  maximum 
of  72  percent  of  the  minimum  yield  strength  of  the  pipe  for  each  external  load  com- 
ponent applied.  Strain  gage  readings  were  taken  for  each  external  load  and  each 
combination  of  external  load  and  internal  pressure. 

Upon  completion  of  this  series  of  tests  a  cyclic  loading  phase  was  run.  .A  95-kip 
external  load  was  applied  through  the  track  segment  a  total  of  2  million  times  at  the 
rate  of   250  load  applications   per  minute.  The  repeated  load  tests  were  stopped  after 
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500,000,  1  million  and  2  million  load  applications,  an  external  95-kip  static  load  was 
applied  through  the  track  segment,  and  internal  pressures  were  varied  from  zero  to  72 
percent  of  the  minimum  yield  strength  of  the  pipe  in  200  psi  increments.  Strain  gage 
readings  were  taken  for  each  combination  of  external  load  and  internal  pressure. 

This  was  followed  by  a  highway  loading  phase  in  which  external  loads  of  10  kips 
and  15  kips  were  applied  through  a  l5-in-diameter  by  2-in-thick  steel  plate  placed  on 
top  of  the  fill  over  the  center  of  the  pipe.  The  internal  pressures  were  again  varied 
from  zero  to  72  percent  of  the  minimum  yield  strength  of  the  pipe  in  200  psi  incre- 
ments for  each  of  the  two  external  loads  applied.  Strain  gage  readings  were  taken  for 
each  external  load  and  each  combination  of  external  load  and  internal  pressure. 

The  strain-gage  data  obtained  in  the  experimental  test  on  the  8-in  and  12 -in  pipes 
were  converted  to  stresses  using  a  digital  computer.  The  data  for  the  12 -in  pipe  have 
been  analyzed  by  Battelle  Memorial  Institute  and  some  preliminary  conclusions  have 
been  drawn.  The  data  for  the  8-in  pipe  have  not  as  yet  been  analyzed. 

At  the  present  time  a  proposal  to  extend  the  strain  measuring  program  to  include 
a  pipe  of  larger  diameter  (probably  24  in  diameter)  is  under  consideration.  With  the 
information  from  the  two  pipes  already  tested  and  the  data  from  a  24-in  pipe,  it  is 
hoped  to  develop  a  rational  design  formula  for  uncased  gas  distribution  pipe  under 
combined  loads. 

A  complete  report  including  observations,  conclusions  and  specific  results  will  be 
published  by  the  ASCE  upon  completion  of  tests  and  analysis  of  all  test  data. 


Report  on  Assignment  7 

Tunnels 

(a)  Ventilation;  Changes  Necessary  for  Operation  of  Diesel  Power 

(b)  Clearance;   Methods  Used  to  Increase,  Collaborating  with  Com- 
mittee 28 

(c)  Methods  of  Open-Cutting 

K.   W.   Bradley    (chairman,   subcommittee),   D.   H.   Cook,   M.   W.   Cox,   A.   P.   Crosley, 
W.  M.  Dowdy,  L.  G.  Reichert. 

Your  committee  reports  on  Assignment   (b)    only,  as  information. 

Due  to  the  advent  of  piggyback  transportation  in  the  movement  of  highway  trailers 
on  flat  cars  and  special  automobile  bi-level  and  tri-level  cars,  the  matter  of  restrictive 
clearances  along  railroad  lines,  especially  in  tunnels,  has  presented  a  problem  to  the 
railroad  industry. 

Through  the  courtesy  of  the  Chicago,  Milwaukee,  St.  Paul  &  Pacific  Railroad 
the  committee  presents  the  following  report  prepared  by  this  road's  engineering  depart- 
ment telling  how  that  railroad  tackled  the  problem  of  increasing  the  clearances  at  its 
most  restrictive  overheads  and  tunnels. 

HOW  THE  MILWAUKEE  ROAD  ATTACKED  THE  PROBLEM 
OF  RESTRICTIVE  CLEARANCES 

One  of  the  most  important  problems  resulting  from  new  transportation  techniques 
such  as  the  operation  of  trailers  on  flat  cars,  special  auto  racks,  etc.,  is  the  matter  of 
restrictive  clearances  along  the  railroad  lines.  The  average  conventional  box  car  is  10  ft 
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8  in  wide,  with  top  of  car  IS  ft  1  in  above  the  top  of  rail,  whereas  a  standard  highway 
trailer  on  a  flat  car  requires  a  clearance  8  ft  0  in  wide  at  17  ft  2  in  above  the  top  of 
rail  and  a  tri-level  auto  rack  loaded  requires  a  clearance  6  ft  0  in  wide  at  19  ft  0  in 
above  the  top  of  rail. 

Various  railroads  have  attacked  this  problem  of  restrictive  clearances  in  a  variety 
of  ways:  Line  changes  have  been  made  to  bypass  obstructions,  tunnels  have  been  day- 
lighted,  tracks  have  been  shifted,  tracks  have  been  lowered,  and  obstructions  raised. 
The  Milwaukee  Road  has  employed  several  of  these  methods,  and  this  paper  will 
elaborate  on  them  further. 

The  principal  obstructions  to  through  movement  of  high  loads  over  the  Milwaukee 
Road's  main  lines  consisted  of  one  tunnel  in  Wisconsin;  47  tunnels  in  Montana,  Idaho 
and  Washington;  38  street  overhead  bridges  in  a  depressed  track  area  in  the  city  of 
Minneapolis,  Minn.,  and  6  overhead  bridges  at  scattered  locations  in  Wisconsin  and 
Minnesota. 

The  first  major  operation  was  carried  out  in  Wisconsin  in  1960  when  the  track  in 
Tunnel  Xo.  1  at  Tunnel  City,  4  miles  north  of  Tomah,  was  lowered.  This  tunnel  pro- 
vided clearance  for  loads  2  ft  6  in  wide  at  17  ft  6  in  above  the  top  of  rail,  or  8  ft  0  in 
wide  at  15  ft  6  in  above  the  top  of  rail.  Thus  the  movement  of  all  piggyback  loads  and 
triple-deck  auto  loads  had  to  be  routed  around  this  obstruction.  This  85-year-old,  1330- 
ft-long  tunnel  was  originally  bored  through  sandstone  rock  and  then  lined  with  five 
courses  of  brick.  In  order  to  obtain  the  desired  clearance  it  was  necessary  to  lower  the 
track  26  in.  Excavation  for  this  depth  was  carried  below  the  footing  for  the  brick  walls, 
so  it  was  necessary  to  install  reinforced  concrete  curbs  the  full  length  of  both  sides 
of  the  tunnel.  The  curbs  were  tied  together  and  braced  with  reinforced  concrete  struts 
located  on  12-ft  centers  throughout  the  length  of  the  tunnel.  The  excavation  and  form- 
ing and  placing  of  concrete  for  the  curbs  was  done  under  traffic  which  amounted  to 
ten  passenger  trains  and  four  freight  trains  per  day.  However,  detour  arrangements 
were  made  utilizing  nearby  trackage  of  an  adjacent  railroad  in  order  to  carry  out 
excavation  of  the  track  section  and  installation  of  struts. 

W^ith  this  portion  of  the  line  out  of  service  and  by  working  three  daily  shifts,  it 
was  possible  to  dismantle  the  track  in  the  tunnel,  excavate  to  grade,  install  116  concrete 
struts,  and  rebuild,  ballast  and  surface  the  track  in  eight  days.  The  excavation  was 
handled  by  first  loosening  the  sand  rock  with  rippers  and  then  loading  loosened  material 
into   trucks,  using  crawler-mounted   front-end  loaders. 

This  project  involved  6200  cu  yd  of  excavation,  use  of  660  cu  yd  of  ready-mix 
concrete  hauled  eight  miles,  28  tons  of  reinforcing  steel,  2100  cu  yd  of  crushed-stone 
ballast,  at  a  cost  of  $156,400.  The  track  was  lowered  26  in  and  clearance  provided  to 
handle  loads  6  ft  0  wide  at  19  ft  0  in  above  the  top  of  rail,  or  8  ft  0  in  wide  at 
18  ft  6  in  above  the  top  of  rail. 

Upon  completion  of  the  work  at  Tunnel  City,  attention  was  directed  to  the 
restrictive  clearances  existing  between  Minneapolis  and  the  west  coast.  A  formidable 
obstruction  existed  in  Minneapolis  where  the  double-track  main  line  was  located  in  a 
2 J/2 -mile-long  grade  separating  depression.  This  depression  was  spanned  by  38  concrete 
bridges  carrying  city  streets,  all  of  which  provided  less  than  desired  overhead  clearance. 
There  were  13  storm  or  sanitary  sewer  crossings  under  the  track,  all  of  which  had 
been  lowered  and  protected  by  special  construction  at  the  time  the  tracks  were  originally 
depressed.  It  was  necessary  to  provide  12  in  of  additional  clearance  through  the  depres- 
sion, and  this  was  accomplished  by  lowering  one  track  only.  Five  of  the  aforementioned 
sewers  required  additional  protection  in  the  form  of  a  bridging  structure  which  carried 
the  track  cross  ties  as  part  of  the  structure.  Special  coordination  was  required  in  this 
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busy  terminal  area  in  order  to  continue  to  serve  industries  with  trackage  in  the  depres- 
sion area  as  well  as  other  industries  and  yards  beyond  the  work  area.  One  main  track 
was  kept  in  service  while  the  track  to  be  lowered  was  taken  out  of  service.  This  track 
was  taken  up  by  following  the  procedure  which  has  been  designated  as  the  "panel 
method."  This  involves  squaring  up  the  normally  staggered  rail  joints,  and  after  the 
joints  are  unbolted,  the  39-ft  track  panel,  including  rail,  ties  and  fastenings,  is  picked  up 
as  a  unit  and  set  in  the  clear;  in  this  case  the  panels  were  set  on  the  side  of  the  cut. 
Excavation  was  carried  out  using  crawler-mounted  front-end  loader  equipment  which 
dumped  into  side-dump  railroad  cars  on  the  adjacent  track.  After  the  excavation  was 
completed,  the  track  was  restored  and  reballasted.  This  project  involved  the  placement 
of  55  cu  yd  of  concrete  for  sewer  protection,  excavation  of  14,000  cu  yd  of  old  ballast 
and  subgrade,  and  reballasting  with  6800  cu  yd  of  crushed  rock,  at  a  total  cost  of 
.$80,000. 

The  major  project  which  faced  the  Milwaukee  Road  in  connection  with  providing 
adequate  clearance  was  in  the  electrified  territory  of  the  live  mountain  ranges  which 
are  traversed  between  Harlowton,  Mont.,  and  Seattle,  Wash.  There  are  47  tunnels  in 
this  territory  which  vary  in  length  from  168  ft  to  11,890  ft  and  which  restricted  loads 
to  8  ft  0  in  wide  at  17  ft  6  in  above  the  top  of  rail.  This  clearance  would  permit 
handling  piggyback  loads  and  bi-level  auto  loads  but  restricted  tri-level  auto  loads  plus 
other  special  high  loads.  A  decision  was  reached  to  provide  clearance  for  loads  6  ft  0  in 
wide  at  19  ft  0  in  above  the  top  of  rail  and  8  ft  0  in  wide  at  18  ft  6  in  above  the 
top  of  rail. 

Due  to  the  lack  of  information,  or  the  questionable  nature  of  available  information, 
relative  to  existing  clearances,  size  and  depth  of  wall  footings,  and  location  and  extent 
of  rock  in  subgrade,  it  was  necessary  to  carry  out  an  exploratory  operation.  Existing 
clearances  were  measured  by  a  special  car  equipped  with  feelers  that  contacted  the  cir- 
cumference of  the  tunnels.  Sufficient  information  was  obtained  to  permit  platting  a 
cross  section  of  each  tunnel  at  any  point  throughout  its  length.  From  this  information 
was  determined  the  locations  and  extent  that  track  had  to  be  lowered  in  the  various 
tunnels,  resulting  in  planning  operations  to  carry  out  work  in  31  of  the  47  tunnels.  It 
was  determined  that  additional  vertical  clearance  of  from  6  to  28  in  was  required  in 
order  to  handle  the  desired  loads.  The  fact  that  the  high  loads,  such  as  the  triple-deck 
auto  loads  carried  on  8S-ft  long  cars,  had  to  traverse  curvature  up  to  10  deg  inside 
these  tunnels,  plus  the  necessity  to  provide  sufficient  clearance  between  the  top  of  loads 
and  the  3000-v  d-c  overhead  trolley  wire,  contributed  materially  to  the  amount  of 
additional  clearance  required. 

Further  exploratory  work  was  accomplished  by  trenching  adjacent  to  tunnel  walls. 
Use  was  made  of  a  wheel-type  trenching  machine  with  lateral  positioning  of  the  digging 
wheel,  which  permitted  excavating  to  within  a  few  inches  of  a  tunnel  wall.  The  depth 
of  this  trench  depended  upon  the  amount  the  track  had  to  be  lowered  at  each  location 
and  the  type  of  material  encountered.  The  trenching  exposed  the  top  of  the  wall  foot- 
ings and  permitting  recording  their  size  and  depth  below  the  top  of  rail,  plus  the  type 
of  material  under  the  footings,  along  with  valuable  information  relative  to  type  of 
material  that  would  be  encountered  during  general  excavation.  Material  excavated  by 
the  trencher  was  deposited  on  the  track  and  then  picked  up  by  a  track  cleaner  and 
conveyed  back  into  railroad  side-dump  cars. 

From  the  information  developed  from  the  exploratory  operations,  the  general  exca- 
vation phase  was  planned  to  be  progressed  by  two  methods;  one  involved  the  use  of  an 
undercutting  machine  which  would  not  disturb  the  track  structure  and  the  other 
involved  removal  of  the  track  and  the  use  of  dozers. 
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The  undercutting  machine  selected  was  a  machine  originally  developed  in  Switzer- 
land for  cleaning  crushed-stone  track  ballast,  and  it  is  still  widely  used  in  Europe  and 
elsewhere  for  that  purpose.  The  Milwaukee  Road's  use  of  the  machine  was  specialized 
in  that  it  was  not  desired  to  clean  the  ballast  but  rather  to  excavate  and  dispose  of  it 
as  waste,  the  ballast  in  most  of  the  tunnels  being  gravel  and  thus  not  suitable  for 
cleaning  and  recovery.  In  the  undercutting  operation,  the  machine  utilizes  a  heavy 
chain  carrying  digging  and  clearing  tools  which  move  in  a  guide  at  high  speed  under 
the  ties  at  right  angles  to  the  center  line  of  the  track.  The  machine  is  moved  forward 
slowly  by  a  large  cable  winch.  As  forward  movement  progresses  the  digging  chain 
loosens  and  moves  the  material  under  and  between  the  ties  to  one  side  and  up  onto  a 
conveyor  system  which  moves  the  excavated  material  to  the  rear.  The  machine  is 
capable  of  excavating  all  material  up  to  13  in  below  bottoms  of  ties  in  one  pass. 

To  dispose  of  the  waste  material  coming  off  the  tail  conveyor  of  the  undercutter 
a  special  conveyor  system  was  set  up  consisting  of  a  40-ft  transfer  conveyor  mounted 
on  a  flat  car  and  six  standard  truss  frame  conveyors  each  mounted  on  a  railroad  30-cu- 
yd  side-dump  car.  The  material  elevated  by  the  undercutter  was  deposited  on  the  trans- 
fer conveyor  which  conveyed  it  to  the  string  of  dump-car-mounted  conveyors.  Each 
of  the  dump-car-mounted  conveyors  had  three  sweeps  which  could  be  individually 
controlled  from  the  end  of  the  car.  When  a  sweep  was  lowered,  all  of  the  material  on 
the  belt  was  swept  off  at  that  point  into  the  box  of  the  car.  When  all  sweeps  were 
raised,  the  material  could  flow  down  the  full  length  of  the  six  conveyors  onto  a  special 
diversion  chute  at  the  end  of  the  string  which  diverted  the  material  over  the  embank- 
ment. Thus  the  excavating  machine  could  be  worked  a  considerable  distance  into  a 
tunnel  before  it  became  necessary  to  deposit  the  waste  into  the  cars.  When  work 
progressed  into  the  tunnel  to  the  extent  that  the  waste  could  no  longer  be  diverted 
over  the  embankment,  the  belt  sweeps  were  brought  into  operation  and  the  six  cars 
loaded.  When  all  cars  were  loaded  the  undercutting  machine  was  shut  down  while  the 
cars  were  hauled  out  to  a  convenient  dumping  point. 

The  conveyors  were  mounted  rigidly  to  the  box  of  the  dump  cars  and  tipped  as 
the  cars  were  dumped.  The  conveyors  were  electrically  driven  by  two  30-kw  diesel 
electric  plants  which  also  provided  power  for  extensive  illumination.  The  conveyors 
were  synchronized  at  a  speed  of  200  ft  per  min,  which  was  adequate  to  handle  the 
discharge  from  the  undercutter  and  also  permit  efficient  clearing  of  the  belt  by  the 
sweeps. 

The  undercutting  operation  did  not  disturb  the  track  structure,  left  a  very  smooth 
roadbed  behind  and  permitted  keeping  the  trolley  energized.  It  was  especially  effective 
for  use  in  the  longer  tunnels  where  the  work  required  several  days.  When  a  work 
period  was  completed  or  track  had  to  be  cleared  for  trains,  the  chain  guide  and  a 
section  of  the  chain  was  disconnected  from  the  machine  and  left  in  place  under  the 
track.  When  work  was  resumed,  the  chain  and  guide  bar  were  connected  to  the  machine 
and  operations  continued.  The  undercutter  performed  well  in  loose  material  but  had 
difficulty  in  handhng  wet  or  compacted  material  and  was  entirely  stalled  by  solid  rock. 
Encounters  with  solid  rock  in  the  form  of  pinnacles  or  humps  under  the  track  were 
not  uncommon,  and  air  demolition  tools  were  used  to  break  or  loosen  the  rock. 

The  undercutter  operation  handled  20,000  ft  of  excavation  in  9  tunnels  and  resulted 
in  an  average  production  of  37  ft  per  hr,  or  270  ft  per  day,  and  cost  an  average  of 
$15.85  per  lin  ft  or  S25.75  per  cu  yd. 

The  exploratory  operations  carried  out  in  the  early  stages  of  this  project  indicated 
that  the  rock  conditions  in  the  tunnels  in  the  Bitter  Root  Mountains  in  western  Mon- 
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tana  and  eastern  Idaho  would  not  permit  efficient  use  of  the  undercutter  described 
above.  A  dozer  operation  was  set  up  which  involved  de-energizing  the  electrification 
system  in  the  territory,  removal  of  sections  of  the  track,  dozing  out  old  ballast  and 
subgrade  to  the  depth  required,  and  replacement  of  the  track.  Track  was  removed  in 
panels  by  two  2S-ton  self-propelled  rail-mounted  cranes.  One  crane  worked  on  one  end 
of  the  stretch  of  track  being  taken  up  and  the  other  worked  on  the  opposite  end,  with 
the  result  that  some  of  the  panels  were  taken  out  from  one  end  of  the  tunnel  and  the 
remainder  out  from  the  other  end.  After  15  panels  equivalent  to  585  ft  of  track  were 
removed,  the  dozers  backed  into  the  tunnel  and  started  moving  the  material  to  be 
excavated.  Each  machine  pushed  the  excavated  material  a  short  distance  toward  the 
portal  and  to  the  machine  ahead,  with  the  result  that  the  excavated  material  was  relayed 
from  dozer  to  dozer  until  it  was  outside  the  tunnel.  Rock  was  frequently  encountered 
and  was  normally  loosened  with  a  hydrauHc  ripper  mounted  on  a  crawler  tractor.  When 
rock  was  too  large  or  too  hard  for  the  ripper  to  handle,  it  was  drilled  and  broken  up 
with  dynamite.  The  excavation  of  the  runoff  areas  outside  the  tunnel  was  handled  the 
same  as  inside  the  tunnel  except  that  it  was  not  necessary  to  relay  the  excavation,  as 
each   machine   dozed   the   excavated   material   directly   over   the   adjacent   embankment. 

During  all  the  track  lowering  projects,  advantage  was  taken  of  the  opportunity  to 
rehabilitate  the  track  structure  along  with  the  other  work.  In  the  case  of  the  dozer 
operation  the  track  panels  were  rebuilt  while  the  excavation  work  was  in  progress. 
The  panels  were  stacked  at  convenient  locations  as  they  were  removed  from  the  tunnel. 
Mechanized  equipment  was  used  to  strip  the  rail  and  tie  plates  from  the  old  ties.  The 
panels  were  then  rebuilt  using  the  same  rail  and  plates  on  new,  oil-treated  hardwood 
ties.  This  panel  rebuilding  was  carried  out  at  each  end  of  the  tunnel  where  the  on-track 
cranes  were  available  to  handle  the  material  and  the  completed  panels. 

Restoration  of  the  track  was  started  as  soon  as  the  excavation  was  down  to  grade. 
Inasmuch  as  the  excavation  progressed  from  inside  of  the  tunnel  towards  one  end,  it  was 
frequently  possible  to  start  bringing  in  the  rebuilt  panels  and  restore  the  track  prior  to 
completion  of  all  of  the  excavation.  As  soon  as  the  track  panels  were  all  back  in  place, 
a  center  dump  of  new  ballast  was  made  to  hold  the  track  in  alinement  and  to  provide 
material  for  temporary  surfacing  to  permit  traffic  to  move  under  speed  restrictions. 

Drains  consisting  of  8-  or  10-in  perforated,  asphalt-coated  pipe  were  installed  as 
required  as  a  separate  operation,  the  extent  of  such  installation  being  governed  by 
conditions  at  individual  tunnels.  A  total  of  29,700  lin  ft  of  drain  pipe  was  installed, 
of  which  11,300  lin  ft  was  installed  in  Tunnel  No.  20,  also  known  as  the  Taft  Tunnel, 
which  crosses  the  Bitter  Root  Range  at  St.  Paul  Pass  on  the  Montana-Idaho  border. 
This  tunnel,  built  in  1909,  is  8788  feet  long,  with  snowsheds  on  each  end.  It  was  neces- 
sary to  lower  portions  of  the  track  in  this  tunnel  in  varying  amounts  from  3  in  to 
1^  ft.  Drainage  had  always  been  a  year-around  problem  in  this  tunnel,  and  prior  to 
lowering  the  track  it  was  handled  by  concrete  gutters  through  the  full  length.  When 
the  track  was  lowered  below  the  existing  gutters  this  drainage  plan  had  to  be  supple- 
mented. The  existing  gutters  were  retained  to  handle  side-wall  drainage,  and  perforated 
pipe  was  installed  between  the  ends  of  ties  and  the  gutter  curbs  to  take  care  of  draining 
the  track  section.  When  the  drainage  installation  was  completed,  the  track  was  given 
an  initial  surface  with  2  to  3  in  of  new  ballast  under  the  ties.  Final  surfacing  to  new 
grade  followed  after  several  weeks. 

The  dozer  operation  was  utilized  in  22  tunnels  and  handled  27,580  ft  of  work  at  an 
average  cost  of  $8.07  per  lin  ft,  or  $8.20  per  cu  yd. 
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It  has  been  stated  earlier  that  for  the  most  part  the  rock  encountered  during  exca- 
vation was  handled  by  a  ripper.  One  tunnel,  however,  presented  a  special  problem  in 
that  525  ft  of  solid-rock  floor  had  to  be  lowered  a  minimum  of  6  in.  The  ripper  was 
able  to  do  little  more  than  scratch  this  rock  so  it  was  necessary  to  resort  to  a  large- 
scale  rock-demolition  operation.  The  loose  material  down  to  the  solid  reck  was  removed, 
following  the  regular  dozer  operation  procedure.  The  track  was  then  restored  but  left 
open  with  no  ballast.  The  construction  of  this  section  of  the  tunnel  consisted  of  con- 
crete linings  with  footings  for  the  walls  set  into  the  solid  rock  floor.  It  was  imperative 
that  there  be  no  disturbance  of  the  rock  adjacent  to  these  footings.  The  rock  floor  area 
was  covered  by  a  pattern  of  18-  to  20-in-deep  drill  holes  consisting  of  five  holes  in  a 
row  across  the  width  of  the  tunnel,  with  no  hole  closer  than  18  in  to  the  footing  wall 
and  with  each  row  30  in  apart.  Each  of  the  1000  holes  was  plugged  after  drilling,  and 
when  all  drilling  was  completed  the  track  was  again  removed. 

Each  hole  was  then  loaded  with  the  proper  charge  of  explosive  to  which  was  tied 
a  reinforced  primacord  riser.  Each  of  the  longitudinal  rows  of  holes  was  tied  into  a 
single  primacord  main  resulting  in  five  primacord  mains  of  approximately  200  holes 
each.  The  center  main  was  connected  to  the  adjacent  mains  at  several  points  with 
O.OOS-sec  delay  connectors,  and  these  latter  two  mains  were  connected  to  the  outside 
mains  with  same  type  of  delay.  The  center  row  or  primacord  main  was  detonated  first 
with  detonation  of  the  adjacent  rows  following  in  a  fraction  of  a  second ;  500  lb  of 
powder  was  used  and  the  result  was  a  4-ft-deep  windrow  of  well  broken  up  rock  down 
the  center  of  the  tunnel  with  no  disturbance  of  the  rock  under  or  immediately  adjacent 
to  the  wall  footings.  Technical  advice  relative  to  the  pattern  of  holes,  type  of  powder, 
delays,  etc.,  was  furnished  by  an  outside  firm. 

All  of  the  work  by  the  undercutter  and  dozers  was  carried  out  in  single-track 
territory  where  provision  for  train  movements  had  to  be  maintained.  Although  work 
periods  were  scheduled  so  as  to  receive  the  least  possible  train  interference,  it  was  still 
necessary  to  maintain  a  serviceable  railroad.  The  work  was  started  late  in  May  1961 
and  was  sufficiently  advanced  to  permit  operation  of  the  first  triple-deck  loads  of 
automobiles   on   September   29,    1961. 

After  the  track-lowering  work  was  completed  and  prior  to  movement  of  any  of  the 
long,  high  loads  over  this  territory,  another  clearance  check  was  made.  A  special  horse- 
shoe-shaped frame  was  mounted  over  the  center  of  one  truck  of  a  triple-deck  auto 
carrier  car;  this  frame  carried  measuring  feelers  spaced  at  1-ft  intervals.  As  the  car  was 
moved  through  the  tunnels  the  actual  clearances  were  recorded.  Where  track  curvature 
was  involved,  a  computation  was  made  to  compensate  for  the  reduction  in  clearance 
resulting  from  car  overhang.  In  addition  to  the  aforementioned  clearance  frame,  a  second 
frame  was  used  to  insure  that  the  trolley  was  at  the  proper  height.  This  latter  frame 
was  in  the  form  of  an  electric  locomotive  pantograph  and  was  mounted  on  the  top 
deck  at  the  center  of  the  car  at  a  fixed  height  equal  to  the  minimum  permissible  height 
of  the  trolley.  This  final  clearance  check  over  the  territory  not  only  served  to  insure  that 
adequate  clearances  had  been  obtained,  but  also  developed  information  to  permit  revision 
of  system  clearance  information. 

The  undercutter  and  dozer  operations  involved  lowering  the  track  in  31  tunnels. 
A  total  of  24,495  ft  was  lowered  inside  tunnels  and  20,265  lin  ft  was  lowered  outside 
in  runoff  areas  for  a  total  of  44,860  lin  ft  of  work.  This  resulted  in  39,400  cu  yd  of 
excavation,  of  which  2000  cu  yd  were  rock.  A  total  of  29,700  lin  ft  of  drainage  pipe 
was  installed.  25,350  cu  yd  of  crushed-stone  ballast  was  used  to  replace  the  old  gravel 
ballast. 


502 Roadway    and    Ballast 

The  total  cost  of  the  work  in  the  31  tunnels  was  $869,150.  The  average  unit  cost 
for  excavation  was  $11.78  per  lin  ft,  or  $13.56  per  cu  yd.  The  average  unit  cost  of 
drainage,  including  labor  and  material,  was  $2.86  per  lin  ft.  The  unit  cost  of  the  entire 
project  was  $19.37  per  lin  ft. 


Report  on  Assignment  8 

Fences 

p.  G.  Martin   (chairman,  subcommittee),  F.  W.  Hillman,  H.  G.  Johnson,  R.  W.  Scott, 
W.  O.  Treischman. 

Your  committee   has   reviewed  Part   6 — Fencing,  of  Chapter   1   of  the  Manual  and 
offers  for  adoption   the   following  recommendations  with   respect   thereto: 

Pages   1-6-20  to   1-6-23,  incl. 


METHODS   OF   PROTECTING   THE   ROADWAY  AGAINST 
DRIFTING  SNOW 

Reapprove  with  the  following  revisions: 

Page  1-6-20.  In  the  seventh  paragraph,  delete  the  sentences  reading  as  follows: 
"Third,  paper  snow  fences  consisting  of  heavy  Kraft  paper  reinforced  with  sisal  fibers. 
The  paper  is  12  in  wide  and  is  usually  erected  by  placing  2  or  3  rows  of  paper  with  a 
12-in  space  between  the  rows,  attached  to  steel  fence  posts  placed  on  8-ft  centers,  as 
shown  in  Fig.  3." 

Also,  in  the  seventh  paragraph,  change  the  word  "four"  in  the  first  sentence  to 
read  "three"  and  the  first  word  in  the  last  sentence  to  read  "Third." 

Page    1-6-21.   Delete   Fig.   3. 


(a)    Metal   Fence  to   Check   Drifting   Snow  and   Sand 

The  following  report  describes  a  new  type  of  snow  and  sand  fence,  being  manu- 
factured commercially,  that  has  been  studied  by  your  committee. 

General 

The  fence  consists  of  8^-in  by  8-ft  4-in  corrugated,  galvanized,  perforated  steel 
panels,  and  ^-in  by  3^-in  steel  posts  in  lengths  from  5  ft  6  in  to  8  ft  4  in.  The  steel 
panels  may  also  be  installed  on  wood  posts  at  8-ft  2 -in  centers,  using  lag  bolts  or 
galvanized  staples  to  fasten  the  panels  to  the  posts. 

Construction 

The  steel  posts  are  driven  into  the  ground  approximately  25  in,  depending  on 
the  distance  desired  below  the  lowest  panel  and  the  top  of  ground.  The  distance  between 
posts  is  from  8  ft  2  in  to  8  ft  4  in. 

The  distance  from  the  bottom  panel  and  the  ground  is  recommended  to  be  from 
3  to  12  in,  and  depending  on  how  close  the  drift  must  be  placed  and  the  velocity 
of  winds.  The  panels  are  inserted  in  slots  in  the  posts. 
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New  type  of  metal  snow  and  sand  fence  now  on  trial  on  several  roads. 


The  steel   panels   may  also  be   installed  on  wood  posts. 
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Wood  posts  should  be  set  in  ground  to  a  minimum  depth  of  2  ft  10  in  for  3  panels 
high  and  increased  8^  in.  in  length  per  additional  panel  in  height. 

The  height  of  the  fence  and  spacing  of  the  panels  can  be  varied  to  conform  with 
the  velocity  of  winds  and  length  of  drift  desired. 

Comments 

This  type  of  fence  has  been  erected  by  several  railroads  up  to  the  present  time. 
The  comments  received  by  this  committee  have  been  favorable  as  to  initial  cost  of 
material  and  cost  of  erection.  The  fence  constructed  with  steel  posts  as  well  as  wood 
posts  has  been  very  effective,  both  for  sand  and  snow. 

This  fence  may  be  installed  with  steel  posts  as  a  temporary  snow  fence  in  the 
same  manner  as  lath  fence  is  installed  and  then  removed  during  the  cff  season.  It  can 
be  dismantled  and  stacked,  and  owing  to  the  perforations  in  the  panels  and  slots  in  the 
posts,  the  material  can  be  chained  and  locked  to  prevent  pilfering.  The  cost  for 
removing  and  installing  is  comparable  to  the  cost  of  removing  and  installing  lath  fence. 

This  report  is  being  offered  as  information  for  the  purpose  of  soliciting  comments 
and   criticisms,    prior    to    preparation   and   submission    of   final   report    one   year   hence. 

Photographs   showing   installations   of   this   type   of   fence   are   presented   herewith. 


Report  on  Assignment  10 

Ballast 

T.  W.  Creighton  (chairman,  subcommittee),  E.  W.  Bauman,  J.  G.  Campbell,  J.  E.  Gray, 
W.  C.  McCormick,  E.  W.  McCuskey,  E.  L.  Robinson,  E.  L.  Woods. 

Your  committee  presents  its  report  on  Assignment  10  in  three  parts.  Part  1  gives 
the  results  of  a  field  inspection  of  open-hearth  slag  ballast  that  has  been  in  service  for 
periods  ranging  from  one  to  five  years.  Part  2  presents  for  adoption  the  revisions  of  the 
AREA  ballast  specifications  that  are  required  to  include  open-hearth  slag  ballast  among 
the  acceptable  ballast  materials.  Part  3  presents  as  information,  and  for  comment  and 
criticism,  tentative  new  ballast  sections  and  quantity  charts  intended  eventually  to  replace 
the  AREA  ballast  sections,  with  quantities,  now  published  on  pages  1-2-6  to  1-2-12, 
incl.,  of  the  Manual. 

Part  1 
Field  Inspection  of  Open-Hearth  Slag  Ballast  in  Service 

The  following  report  gives  the  results  of  a  field  inspection,  made  by  representatives 
of  the  AAR  Research  Department  and  the  National  Slag  Association,  of  open-hearth 
slag  ballast  that  has  been  in  service  in  track  for  periods  of  from  one  to  five  years. 
It  supplements  the  report  published  in  Bulletin  573,  September-October  1962,  describing 
laboratory  tests  of   open-hearth   slag  ballast  conducted  at  the  AAR  Research   Center. 

Several  sections  of  open-hearth  slag  ballast  were  inspected  on  May  1-2,  1963.  The 
first  is  near  Farnhan,  N.  Y.,  where  this  material  was  placed  in  October  1961.  The 
section  consists  of  about  1  mile  of  high-speed  CTC  track.  The  ballast  has  performed  very 
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Fig.   1 — Track  ballasted  with  open-hearth  slag  south  of  Chardon,  Ohio. 


satisfactorily.  Apparently  little  or  no  maintenance  or  spot  work  has  been  required 
since  installation.  There  have  been  no  reported  indications  of  signal  distress  because 
of  the  use  of  this  material. 

Another  section,  near  Painesville,  Ohio,  is  a  switching  lead  to  the  coal  docks  at 
Fairport  over  which  1  million  tons  of  coal  are  handled  annually.  This  track  has  100-lb 
rail,  30  to  40  years  old.  The  open-hearth  slag  ballast  has  been  in  service  about  one 
year,  and  according  to  the  roadmaster,  has  required  Httle  or  no  attention  since  installa- 
tion, except  that  some  work  was  being  done  under  the  new  overhead  construction, 
where  the  ballast  was  fouled  during  construction.  The  remainder  of  the  installation  is 
adequate  to  handle  the  traffic.  Speeds  are  20  mph  or  less. 

South  of  Chardon,  Ohio,  in  a  track  connecting  to  the  above-mentioned  coal  lead, 
there  is  still  another  installation  of  open-hearth  slag  ballast.  This  ballast  was  installed 
in  1962  (see  Fig.  1.)  For  a  secondary  main  (it  also  handles  over  1  million  tons  yearly), 
this  track  is  in  excellent  shape.  Inspection  was  made  at  three  locations,  and  it  appears 
that  the  support  given  by  the  open-hearth  slag  ballast  is  fully  equal  to  that  of  blast- 
furnace slag  and  also  to  that  of  crushed  rock,  except  that  the  effect  of  time  and  service 
cannot  be  fully  assessed  as  yet. 

An  inspection  was  also  made  of  the  Lorain,  Ohio,  processing  plant  for  production 
of  this  slag  material  for  ballast.  At  present  the  open-hearth  slag  is  taken  from  a  stock 
pile,  put  through  a  crusher  and  rolls,  and  moved  over  five  electromagnetic  stages  dur- 
ing the  processing.  An  effective  automated  plan  has  been  installed  with  interchangeable 
screens  so  that  material  of  any  specified  size  can  be  processed  efficiently.  The  amount 
of  iron  electromagnetically  salvaged  from  the  slag  varies  but  usually  runs  8  to  15  percent. 
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Fig.  2 — Track  ballasted  with  open-hearth  slag  near  Howe,  Ind. 


In  none  of  the  above  field  installations  has  there  been  any  indication  of  signal 
distress  because  of  the  type  of  ballast.  The  ballast  is  hard  and  sharp,  interlocks  excel- 
lently and  has  all  the  appearance  of  being  suitable  for  use  on  track. 

On  July  30,  1963,  inspection  was  made  at  numerous  points  north  of  Ft.  Wayne, 
Ind.,  on  a  line  running  toward  Kalamazoo,  Mich.  Apparently  blast-furnace  slag  has 
been  used  south  of  Howe,  Ind.,  with  the  possibility  of  some  open-hearth  slag  in  localized 
areas.  North  of  Howe,  however,  the  track  apparently  is  entirely  ballasted  with  open- 
hearth  slag  (see  Fig.  2),  some  of  which  has  been  in  place  approximately  five  years 
and,  from  information  received,  some  for  three  years.  It  appears  that  this  open-hearth 
slag  material  runs  practically  to  Kalamazoo,  although  inspection  was  not  made  this 
far  north. 

The  blast-furnace  slag  ballast  is  in  excellent  condition.  The  open-hearth  slag  ballast 
is  in  equally  good  condition,  no  breakdown  under  traffic  was  apparent  and  no  pumping 
was  occurring  through  the  ballast  section  except  at  road  crossings  where  drainage 
conditions  are  generally  poorer.  The  open-hearth  slag  is  appreciably  heavier  than  the 
blast-furnace  material  and  has  given  equally  good  service  in  track  as  far  as  this 
inspection  can  reveal. 

No   signal  disturbance  has  been  reported   because  of   the   use  of  the  open-hearth 
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Fig.    3 — Open-hearth   slag   spread   on   top   of   old   limestone   ballast 
south  of  South  Bend,  Ind. 


slag,  which  apparently  came  from  Hammond,  Ind.  The  blast-furnace  slag  appears  to  be 
generally  from  Lorrain,  Ohio,  but  this  was  not  fully  established. 

The  tracks  on  a  branch  line  between  South  Bend,  Ind.,  and  Kankakee,  111.,  were 
inspected  in  the  vicinity  of  Peach  Road,  7.1  miles  southwest  of  South  Bend  (see  Fig.  3.) 
On  these  tracks  the  open-hearth  slag  was  used  as  a  smoothing  or  leveUng  course  on 
top  of  the  older  Hmestone  ballast.  In  some  areas,  however,  the  open-hearth  slag  was 
applied  to  a  great  enough  extent  to  cover  the  old  ballast  completely.  There  is  no  evi- 
dence of  incompatibility  between  the  two  materials,  and  as  on  the  tracks  pre\iously 
discussed,  the  open-hearth  material  is  performing  adequately.  From  these  inspections 
and  prexious  inspections  made  on  May  1  and  2,  open-hearth  slag  ballast  appears  fully 
acceptable  for  use  on  railroad  tracks.  It  can  be  concluded  that  it  is  appreciably  superior 
to  certain  types  of  softer  crushed  stone. 

On  July  31,  an  inspection  was  made  of  the  blast-furnace  slag  plant  in  Gary,  Ind. 
This  plant  is  equipped  to  produce  efficiently,  materials  for  ballast  and  other  purposes, 
meeting  practically  any  gradation  requirements. 
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Part  2 
Manual  Recommendations 

Your  committee  submits  for  adoption  the  following  recommendations  with  respect 
to  Part   2,   Chapter   1,   of  the  Manual: 

Pages   1-2-1   and   1-2-2 

BALLAST— GENERAL 

Reapprove  with  the  following  revisions: 

Page  1-2-1,  Sec.  B — Shrinkage  Allowance:  In  the  tabulation  change  the  words 
"blast  furnace  slag"  to  the  word  "slag." 

Pages   1-2-2  to   1-2-4,  incl. 

SPECIFICATIONS    FOR    PREPARED    STONE,    SLAG 
AND  GRAVEL  BALLAST 

Page  1-2-2,  Art.  2— General  Requirements:  Change  the  first  sentence  to  read: 
"Prepared  ballast  shall  be  crushed  stone,  crushed  air-cooled  blast-furnace  slag,  crushed 
open-hearth  slag,  or  gravel.   .   .   ." 

Page  1-2-3,  Art.  3,  Para,   (d) :   Change  to  read: 

"(d)  The  weight  per  cubic  foot  (compacted)  of  prepared  slag  ballast  meeting  the 
grading  requirements  of  this  specification  shall  not  be  less  than  70  lb  for  blast-furnace 
slag  and  100  lb  for  open-hearth  slag." 

Page   1-2-3,  Art.  4,  Para,   (b)  ;   Change  the  first  two  hnes  to  read: 
"(b)    Crushed   stone   and   crushed   slag   for   prepared   ballast   shall   conform   to   the 
following  requirements  for  grading:" 

Part  3 

Tentative   New  Ballast   Sections  and   Ballast 
Quantity  Graphs 

After  much  study  and  review  of  the  AREA  ballast  sections,  with  quantities,  that 
now  appear  on  pages  1-2-6  to  1-2-12,  incl.,  of  the  Manual,  looking  to  their  revision 
in  the  light  of  best  modern  practice,  your  committee  has  prepared  new  drawings  and 
graphs  which  are  presented  herewith  as  information.  Comments  and  criticism 
are  invited. 

BALLAST  SECTIONS  FOR  SINGLE  AND  MULTIPLE  TRACK 
ON  TANGENT  AND  CURVES 

Ballast  Sections  1   and  2,  Single  and  Multiple  Track,  Tangent 

Ballast  Sections  lA   and   2A,   Single   and   Multiple   Track,   Curves 

Graph   1,  Ballast  Quantities,  Single  Tangent  Track,  Tie  Lengths  of  8  ft  0  in,  8  ft  6  in, 

and  9  ft  0  in 
Graph   2,   Ballast  Quantities,  Single   Curved  Track,  Tie  Length  of  8  ft  0  in 
Graph  3,  Ballast  Quantities,  Single  Curved  Track,  Tie  Length  of  8  ft  6  in 
Graph  4,   Ballast  Quantities,  Single  Curved  Track,  Tie  Length  of  9  ft  0  in 
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AREA   ballast   sections,   single   and   multiple   track,   curves. 

Notes: 

Depth   of  ballast   section    to    be    used  will   depend   on    conditions  peculiar  to   each 
railroad  or  location. 

Roadbed  to  be  widened  on  high  side  as  necessary  to  support  the  ballast  section. 

Sections  apply  to  all  types  of  ballast. 

Sections  for  use  with  jointed  or  continuous  rail. 
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(E)  Member  Emeritu.s. 

Those    whose    names    are   set    in    bold    face    type    constitute    the    Engineering    Division,    A.\R,    Com- 
mittee 5. 

To  The  American  Railway  Engineering  Association: 
Your  committee   reports  on  the  following  subjects: 

1.  Revision  of  Manual  . 

Progress   report,   with   recommendations  submitted   for  adoption    page  512 

2.  Track  tools,  collaborating  with  Purchases  and  Stores  Division  AAR. 

Progress   report,   submitted   as   information    page  513 

3.  Standardization  of  trackwork  plans,  collaborating  with  Communication 
and  Signal  Section,  AAR. 

Progress  report,  with  recommendation  submitted  for  adoption    page  514 

4.  Prevention  of  damage  resulting  from  brine  drippings  on  track  and  struc- 
tures, collaborating  with  Committee  15  and  Mechanical  Division,  AAR. 
Progress   report   submitted,   as  information    page  515 

5.  Tie  plates,  collaborating  with  Committees  3  and  4. 

Inspection  of  the  PRR  test  on  rubber  abrasion  plates  at  Oakdale,  Pa., 
was  made  in  1963.  There  is.  however,  insufficient  data  to  make  a  report 
at  this  time. 

6.  Hold-down  fastenings  for  tie  plates,  including  pads  under  plates;  their 
effect  on  tie  wear,  collaborating  with  Committee  3. 

Progress   report   submitted,   as  information    page  515 
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7.  Effect  of  lubrication  in  preventing  frozen  rail  joints  and  retarding  corrosion 
of  rail  and  fastenings. 

Inspection    of   the   Low   Moor,   Iowa,  test   on   the    C&NW   was   made   on 

July  26,   1963,  at  which  time  it  was  decided  not  to  respray  any  of  the 

test  miles  in  1963.  Your  committee  is  not  offering  any  further  report  this 
year,  as  it  has  no  conclusions. 

8.  Laying   rail   tight  with   frozen  joints. 

It  is  hoped  that  funds  will  be  available  to  resume  and  complete  this  work- 
in  1964. 

9.  Critical  review  of  the  subject  of  speed  on  curves  as  affected  by  present- 
day  equipment,  collaborating  with  the  AAR  Joint  Committee  on  Relation 
Between  Track  and  Equipment. 

Progress   report   submitted,   as   information    page  516 

10.  Methods  of  heat  treatment,  including  flame  hardening,  of  bolted  rail  frogs 
and  split  switches,  together  with  methods  of  repair  by  welding;  explosive 
hardening  of  manganese  steel  trackwork. 

It   is   hoped   that    funds   will   be   available   to   continue   and   complete   this 
work  in  1964. 

11.  PracticabiUty  of  using  reflex  units  for  switch  lamps  and  targets,  col- 
laborating with   Communication  and  Signal  Section,  AAR. 

Progress   report   submitted,   as   information    page  517 

12.  Procedure  and  specifications  for,  and  economies  to  be  derived  from, 
building  track  by  panel  method: 

(a)  where  track  is  to  be  newly  constructed. 

(b)  where  track  now  laid  in  conventional  staggered- joint  construction  is 
to  be  relocated  from  one  point  to  another: 

(1)  To  remain  as  paneled  after  relocation. 

(2)  To  have  its  joints  restaggered  after  relocation. 

Study  in  progress;  however,  the  committee  does  not  have  sufficient  infor- 
mation at  hand  to  justify  a  report  at  this  time. 

The  Committee  on  Track, 
J.  M.  Salmon,  Jr.,  Chairman. 
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Report  on  Assignment  1 

Revision  of  Manual 

R.  J.  Hollingsworth  (chairman,  subcommittee),  L.  A.  Pelton,  C.  E.  Peterson,  H.  W. 
Jensen,  G.  R.  Sproles,  L.  R.  Hall,  M.  J.  Hassan,  A.  F.  Huber,  A.  D.  Quackenbush, 
J.  M.  Salmon,  Jr.,  M.  J.  Zeeman. 

In  its  current  report,  Committee  4— Rail,  is  presenting  for  adoption  and  publica- 
tion in  the  Glossary  of  the  Manual  a  definition  of  the  basic-oxygen  process  for  making 
steel.  Committee  5  endorses  the  definition  and  desires  to  be  shown  as  one  of  the 
co-sponsors  of  it. 


Track    SU 

To  correct  a  typographical  error,  the  committee  submits  the  following  recom- 
mendation with  respect  to  the  SPECIFICATIONS  FOR  LOW  CARBON  STEEL  TIE 
PLATES,  Manual  pages  5-1-1   to  5-1-3,  incl. 

On  page  5-1-3,  transpose  the  fourth  and  fifth  lines. 

Report  on  Assignment  2 

Track  Tools 

Collaborating  with  Purchases  and  Stores  Division,  AAR 

T.  L.  Biggar  (chairman,  subcommittee),  VV.  R.  Bjorklund,  E.  W.  Caruthers,  J.  W. 
Clarke.  \V.  E.  Cornell,  A.  E.  Haywood,  C.  H.  Johnson,  C.  N.  King,  J.  E.  Martin, 
C.  J.  McConaughy,  C.  E.  Peterson,  S.  H.  Poore,  Bernard  Post,  J.  M.  Salmon,  Jr., 
J.  R.  Talbott,  Jr.,  B.  J.  Worley. 

This  is  a  progress  report,  submitted  as  information. 

1.  Snap-on   Ratchet   Track   Wrench 

The  committee  expects  to  submit  a  report  for  adoption  and  publication  in  the 
Manual  next  year. 

2.  Track   Jacks — Aluminum  Housing 

Companies  manufacturing  track  jacks  were  contacted  regarding  failures  that  have 
occurred  in  jacks  with  aluminum  housings.  As  a  result,  one  company  has  made  changes 
designed  to  prevent  breakage  in  service.  The  new  design  is  considered  satisfactory. 

3.  Aluminum  Track  Level  and  Gage 

The  committee  expects  to  have  plans  and  specifications  for  a  lightweight,  metal 
track  level  and  gage  ready  for  adoption  and  publication  in  the  Manual  next  year. 

4.  Wear  Limits  on  Striking  and  Cutting  Tools 

The  study  of  the  economies,  if  any,  to  be  derived  from  reclaiming  tools  is  progressing, 
but  no  conclusions  can  be  reached  at  this  time. 
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Report   on  Assignment  3 

Standardization  of  Trackwork  Plans 

Collaborating   with    Commmunication   and   Signal   Section,   AAR 

C.  J.  McConaughv  (chairman,  subcommittee),  J.  P.  Barker,  T.  L.  Biggar,  M.  C.  Bitner, 
W.  R.  Bjorklund,  J.  \V.  Clarke,  \V.  E.  Cornell,  E.  D.  Cowlin,  F.  VV.  Creedle, 
C.  D.  Davis,  A.  D.  DeMoss,  K.  E.  Dunn,  L.  W.  Green,  C.  N.  Harrub,  Jr.,  M.  J 
Hassan,  R.  J.  Hollingsvvorth,  E.  C.  Honath,  H.  W.  Jensen,  C.  H.  Johnson,  C.  N 
King,  R.  E.  Kuston,  E.  J.  Lisy,  Jr.,  E.  J.  Osterman,  A.  C.  Parker,  Jr.,  B.  E 
Pearson,  C.  E.  Peterson,  S.  H.  Poore,  Bernard  Post,  A.  D.  Quakenbush,  R.  P 
Roden,  J.  M.  Salmon,  Jr.,  R.  N.  Schmidt,  V.  M.  Schwing,  R.  D.  Simpson,  J.  F 
Smith,  T.  R.  Snodgrass,  K.  H.  von  Kampen,  C.  W.  Wagner,  S.  J.  Watson,  I.  V 
Wiley,  B.  J.  Worley. 

Your  committee  submits  the  following  report  of  progress: 

In  keeping  with  the  decision  to  keep  up  to  date  the  plans  in  back  of  the  blue 
divider  sheet  in  the  Portfolio  of  Trackwork  Plans  that  separates  the  "Standard"  plans 
from  the  others,  your  committee  submits  for  adoption  the  following  recommendations. 

Plan  No.   251-55,   Switch  Stands  and  Appurtances 
Remove  the  three  details  shown  for  single  vane  targets. 

Revise  Note  11  to  read:  "Target.  When  specified  all  details  will  be  furnished  by 
purchaser." 

Revise  Note  14  to  read:  "Switch  Lamp.  The  following  references  to  Plans  of  Com- 
munication and  Signal  Section,  AAR,  covering  switch  lamps  are  for  information  only 
These  plans  have  been  endorsed  by  the  AREA. 

Plan  1442-C.  Lens,  hoods  and  couplings  for  switch  and  semaphore  lamps. 
Plan  1461-B.  Switch  lamp  base-socket  for  cylindrical  type  switch  lamp 
Plan  1444-A.  Electric  switch  lamps." 


A  questionnaire  was  submitted  to  acquire  data  on  comparative  service  life  of  open- 
hearth  steel  switch  points,  flame-hardened  switch  points,  heat-treated  switch  points,  and 
manganese  steel  switch  points.  The  tabulation  of  replies  failed  to  reveal  sufficient  infor- 
mation upon  which  to  reach  a  conclusion.  The  replies  were  fully  discussed  by  your 
committee  and  it  was  apparent  that  further  study  would  be  required. 

A  questionnaire  was  also  submitted  on  comparative  service  life  and  economy  of 
spring-rail  frogs  vs.  rigid  frogs  of  open-hearth  steel,  rail-bound  manganese  steel,  heat- 
treated  open-hearth  rail-bound  manganese  steel.  The  tabulation  of  replies  again  failed 
to  reveal  sufficient  information  upon  which  to  reach  a  conclusion.  The  replies  were 
fully  discussed  by  your  committee  and  it  was  apparent  that  further  study  would  be 
required. 

The  present  AREA  plans  for  railroad  track  crossings,  their  tie  layout,  etc.,  were 
reviewed,  and  it  was  the  unanimous  opinion  that  the  present  plans  are  adequate  at 
this  time. 

Your  committee  assisted  in  compiling  information  for  the  report  on  Assignment  2 
of  Committee  3,  which  was  published  in  Bulletin  582,  December  1963. 


Track SIS 

Report  on  Assignment  4 

Prevention  of  Damage  Resulting  from  Brine  Drippings 
on   Track  and   Structures 

Collaborating  with  Committee  15,  and  Mechanical  Division,  AAR 

L.  W.  Green  (chairman,  subcommittee),  M.  C.  Bitner,  C.  D.  Davis,  K.  E.  Dunn, 
\V.   E.   Griffiths,   C.   E.  Peterson,  J.  M.   Salmon,  Jr.,  S.  J.  Watson,  J.   B.  Wilson. 

This  is  a  progress  report,  submitted  as  information. 

Use  of  Inhibitors 

Since  late  in  1938,  prevention  of  damage  due  to  brine  drippings  has  been  a  subject 
for  .^RE.A.  committee  study.  Beginning  with  a  report  in  1939  it  became  apparent  to 
the  committee  members  that  the  only  economical  way  of  preventing  this  damage  was 
through  the  use  of  inhibitors  placed  in  or  introduced  into  the  salt  used  to  melt  the  ice 
in  refrigerator  cars  or  in  the  brine  solution  before  it  dripped  on  the  track  and  structures. 

During  1939,  1941  to  1944,  inch,  1950,  1952  to  1959,  inch,  and  1961,  the  reports 
on  this  assignment  as  published  in  the  Proceedings  discuss  the  use  of  such  inhibitors. 
In  1953,  and  1955  to  1958,  incl.,  the  reports  discuss  the  laboratory  work  being  per- 
formed by  the  AAR  research  staff  to  develop  inhibitors  which  would  accomplish  the 
above  purpose  without  causing  the  brine  solution  to  be  toxic  or  without  being  pro- 
hibitive in  cost.  Since  1961   this  research  has  been  interrupted  by  lack  of  funds. 

Your  committee  understands  that  the  Canadian  National  Railways  has  had  some 
success  with  the  use  of  sodium  polyphos  inhibitor  and  it  is  awaiting  further  informa- 
tion on  this  inhibitor  as  well  as  acceptance  of  it  by  the  Mechanical  and  the  Operating- 
Transportation   Divisions  of  the  AAR  before  preparing  a  further  report. 

Report   on  Assignment  6 

Hold-down   Fastenings   for   Tie   Plates,   Including   Pads 
Under   Plates;   Their   Effect   on  Tie   Wear 

Collaborating   with   Committee    3 

E.  C.  Honath  (chairman,  subcommittee),  M.  C.  Bitner,  E.  W.  Caruthers,  E.  D.  Cowlin, 
F.  W.  Creedle,  R.  G.  Garland,  L.  R.  Hall,  A.  E.  Hinson,  R.  J.  Hollingsworth, 
L.  H.  Jentoft,  C.  H.  Johnson,  C.  N.  King,  E.  J.  Lisy,  Jr.,  J.  E.  Martin,  C.  J. 
McConaughy,  B.  E.  Pearson,  C.  E.  Peterson,  Bernard  Post,  J.  M.  Salmon,  Jr., 
R.  N.  Schmidt,  T.  R.  Snodgrass,  R.  E.  Tew,  C.  W.  Wagner,  I.  V.  Wiley. 

The  15th  inspection  of  the  tie-pad  and  tie-plate-fastening  service  test  on  the  Louis- 
\ille  &  Nashville  Railroad  near  London,  Ky.,  was  carried  out  on  May  22,  1963,  by 
members  of  the  track  committee  and  other  interested  parties.  In  the  following  month 
the  AAR  staff  carried  out  the  necessary  field  measurements  for  comparative  purposes; 
however,  due  to  the  press  of  other  work  and  the  limited  personnel  available  for 
compiling  the  data,  the  information  is  not  yet  in  final  form. 

The  inspection  of  last  May  will  terminate  the  tie-pad  and  tie-plate-fastening  test  on 
the  L&X  because  of  some  track  changes  and  retirement  of  tracks  in  the  test  area.  Upon 
completing  the  analysis  of  field  measurements  by  the  WR,  a  final  report  will  be 
presented  in   1964,  concluding  the  work  on  this  a.ssignment. 


516 Track 

Report  on  Assignment  9 

Critical  Review  of  the  Subject  of  Speed  on  Curves 
as  Affected  by  Present-Day  Equipment 

Collaborating  with  the  AAR  Joint  Committee  on  Relation 
Between    Track    and    Equipment 

R.  E.  Tew  (chairman,  subcommittee),  J.  P.  Barker,  W.  R.  Bjorklund,  A.  D.  DeMoss, 
R.  G.  Garland,  L.  VV.  Green,  L.  R.  Hall,  E.  C.  Honath,  R.  J.  Hollingsworth, 
H.  W.  Jensen,  L.  H.  Jentoft,  R.  E.  Kuston,  C.  E.  Peterson,  S.  H.  Poore,  J.  E. 
Martin,  J.  M.  Salmon,  Jr.,  J.  R.  Talbott,  Jr. 

For  several  years  prior  to  1962,  your  committee,  collaborating  with  the  AAR  Joint 
Committee  on  Relation  Between  Track  and  Equipment,  had  been  planning  field  tests 
to  check  the  validity  of  analysis  relative  to  the  design  of  spiral  easement  curves,  for 
the  purpose  of  arriving  at  a  more  logical  formula  than  that  presently  in  the  Manual, 
but  because  of  various  difficulties  such  tests  had  to  be  deferred.  However,  in  June  1962, 
through  the  cooperation  of  the  Pennsylvania  Railroad,  an  extensive  set  of  test  runs, 
with  a  diesel  locomotive  and  a  modern  passenger  car,  were  made  on  the  main-line 
tracks  of  the  Pennsylvania  between  Harrisburg  and  Philadelphia,  Pa.,  on  curves  up  to 
7  deg,  and  at  speeds  up  to  100  mph.  Extensive  instrumentation  was  provided  by  the 
AAR  research  staff  with  improved  types  of  equipment  and  circuits  not  previously  used. 

Members  of  Committee  S  took  an  active  part  in  this  test,  along  with  members 
of  the  AAR  research  staff  and  of  the  Joint  Committee  on  Relation  Between  Track 
and  Equipment,  and  a  number  of  others  especially  familiar  with  the  problems  involved. 
Committee  5,  for  the  most  part,  acted  as  observers  to  rate  the  quality  of  the  ride  in 
the  passenger  car  while  traversing  the  spiral  easements. 

The  large  amount  of  data  recorded  in  this  test  were  reduced  and  formed  the  basis 
for  an  AAR  research  report  (ER-37)  entitled,  "Length  of  Railway  Transition  Spiral — 
Analysis  and  Running  Tests",  which  was  published  in  full  in  AREA  Bulletin  580  for 
September-October  1963.  This  report  presents  the  results  of  the  test  and  recommenda- 
tions for  the  Manual,  to  replace  existing  Manual  material  with  respect  to  the  design 
of  spiral  easement  curves. 

Your  attention  is  called  to  the  fact  that  certain  errors  were  found  on  page  94  of  the 
report  as  presented  in  Bulletin  580,  and  that  an  errata  sheet  was  mailed  to  members 
with  the  January-February  issue  of  the  AREA  News  to  correct  these  errors.  This  errata 
sheet  was  printed  on  gummed  paper  to  permit  pasting  it  in  the  Bulletin  in  the  proper 
place,  and  it  is  hoped  that  those  interested  have  done  so.  For  the  permanent  record, 
however,  the  data  on  the  errata  sheet  are  reproduced  below. 

Changes  in  Text  of  the  Article  "Length  of  Railway  Transition  Spiral — 
Analysis  and  Running  Test,"  to  Correct  Errors  on  Page  94 

Delete  present  material  from  the  first  line  below  Equation  1  to  and  including 
Equation  2,  substituting  therefore  the  following  text: 

A  more  exact  term  can  be  developed  to  calculate  the  spiral  length  for  a  given  angle 
of  car  body  roll,  0.  The  equivalent  unbalanced  elevation  due  to  car  body  roll  is 
(assuming  60-in   rail  centers) 

Eu  =  60  sin  e 
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Since  the  0.10  g  acceleration  assumed  for  the  3-in  tracii  unbalance  used  in  Equa- 
tion (1)  is  equivalent  to  a  track  unbalance  of  6  in  with  no  roil,  Equation  (1)  may  be 
modified  to  allow  for  the  actual  car  body  roll  angle  for  ,^  in  of  unbalance. 

/  3  +  60  sin  (9    \ 
L^  \      ^ )   £..X1.63F (2) 


In  the  year  ahead  your  committee  plans  a  critical  review  and  analysis  of  the  report 
on  these  test  runs  on  the  Pennsylvania  and  the  recommendations  contained  in  the 
report,  looking  to  proposing  such  revisions  in  present  Manual  material  as  may  seem 
desirable.  In  furtherance  of  this  further  consideration  by  the  committee,  C.  J.  Code, 
assistant  chief  engineer-staff,  Pennsylvania  Railroad,  and  chairman  of  the  AAR  Joint 
Committee  on  Relation  Between  Track  and  Equipment,  will  review  Report  ER-,^7  at 
the  1964  convention  of  the  Association  as  a  part  of  this  ccmmittee's  presentation. 


Report  on  Assignment  11 

Practicability    of    Using    Reflex    Units    for    Switch 
Lamps   and    Targets 

Collaborating  with   Communication  and  Signal  Section,  AAR 

.\.  B.  Hillman  (chairman,  subcommittee),  T.  L.  Biggar,  G.  P.  Chandler,  J.  W.  Clarke, 
K.  E.  Dunn,  .A.  E.  Hinson,  C.  J.  McConaughv,  M.  P.  Moore,  B.  E.  Pearson, 
C.  E.  Peterson,  J.  M.  Salmon,  Jr.,  J.  F.  Smith,  j.  B.  Wilson. 

This  is  a  progress  report,  presented  as  information. 

Reports  on  this  subject  were  made  in  1933,  1939,  1041  and  1942.  In  1933  only 
three  railroads  reported  having  an  appreciable  number  of  units  in  service,  while  in  1939 
this  number  had  increased  to   13. 

The  1941  report  listed  the  following  nine  states  as  having  laws  which  might  prohibit 
the  use  of  reflex  units  for  switch  lamps:  Arkansas,  Colorado,  Indiana,  Kansas,  Massa- 
chusetts, Michigan,  Mi-ssouri,  Nebraska,  and  South  Dakota. 

The  1942  report  indicated  that  Colorado  "now  permits  the  use  of  reflex  lenses  for 
switch  lamps  and  targets." 

Your  committee  has  determined  that  two  other  states,  Illinois  and  Pennsylvania, 
now  have  laws  which  restrict  the  use  of  reflex  units.  In  Illinois  no  change  may  be 
made  in  the  lighting  of  main-track  switch  stands  without  authority  of  the  Illinois 
Commerce  Commission.  In  Pennsylvania  lamps  are  required  on  switch  stands  connected 
with  a  main  track  or  siding  except  where  the  track  is  used  only  in  daylight,  or  is 
protected  by  automatic  block  signals,  cab  signals  or  train  control,  or  by  a  distant 
switch  signal  or  indication  in  manual  block  or  train  order  territory.  Lamps  are  required 
on  yard  tracks  over  which  there  arc  five  or  more  movements  between  sunset  and 
sunrise. 

The  1942  report  indicated  that  25  roads,  representing  a  total  of  98,353  miles,  had 
10,754  reflex  units  in  service.  First  preference  was  given  as  "Four  reflex  lenses  mounted 
in  housing,  to  replace  the  switch  lamp."  Second  preference  was  given  as  "reflex  len.ses 
used  to  replace  lenses  in  the  switch  lamp."  The  use  of  sheet-type  reflectorized  material 
was  not  mentioned. 
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The  1942  report  concluded  "the  number  of  reflex  units  in  service  indicates  that 
they  are  safe  and  satisfactory.  The  estimated  annual  average  saving  of  over  $157,000 
made  by   10,750  units  already   in  service,  indicates  the  potential  savings." 

This  committee  will  continue  the  study  to  determine  the  use  of  reflex  lenses  since 
the  1942  report  and  also  to  determine  if  there  have  been  any  other  changes  in  state 
laws  which  might  affect  the  use  of  reflex  units.  Your  committee  will  also  attempt  to 
determine  what  type  of  reflex  unit  is  now  preferred. 
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(E)  Member  Emeritus. 

Those    whose    names   are    set    in    bold    face    type    constitute    the    Engineering    Division,    AAR,    Com- 
mittee 4. 


To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Revision  of  Manual. 

Progress  report,  including  recommendations  submitted  for  adoption    page  521 

2.  Collaborate   with   AISI   Technical   Committee   on   Rail   and   Joint   Bars  in 
research  and  other  matters  of  mutual  interest. 

Progress   report,    presented   as   information    page  525 

Appendix  2-a — Report    on    Investigation    of    Failures    in    Control-Cooled 

Rails     page  525 

Appendix  2-b — Report  on  Inspection  of  Basic-Oxygen  Steel  Rail  Tests  on 

Santa   Fc   Railway    page  530 

App>endix  2-c — Report  on  Inspection  of  High-Silicon  Rail  Tests  on  South- 
ern   Pacific    Company    page  534 

3.  Rail   failure   statistics,   covering    (a)    all   failures;    (b)    transverse   fissures; 
(c)   performance  of  control-cooled  rail. 

Progress  report,  including  statistics  on  rail  failures  reported  up  to  December 

31,  1962   (on  net  ton  basis)    page  536 

4.  Rail  end  batter ;   causes  and  remedies. 

Progress  report,  presented  as  information    page  552 
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5.  Economic  value  of  various  sizes  of  rail. 

Final  report,   presented  as  information    pa^e  557 

6.  Joint    bars:    design,    specifications,    service    tests,   including;   insulated   joints 
and   compromise  joints. 

Progress   report,   presented   as   informatic  n    page  559 

Appendix    6-a,    Insulated    Kail    Joint    Development    and    Research — Second 

Progress    report     page  560 

7.  Metallurgical  effect  of  rail  cropping  methods. 

Progress   report,  presented  as  information    page  573 

8.  Causes    of    shelly    spots    and    head    checks    in    rail:     methods    for    their 
prevention. 

Progress   report,   presented   as  information    page  576 

Appendix  8-a — Report   on  Service  Tests  of  Heat-Treated  and  Alloy  Steel 

Rails    page  577 

Appendix  8-b — Report  on  Shelly  Rail  Studies  at  University  of  Illinois  .  . .   page  598 

9.  Standardization  of  rail  sections. 

Progress   report,   presented   as   information    page  606 

10.  Service  performance  and  economics  of  78-ft  rail,  collaborating  with  Com- 
mittee 5 ;   specification  for  78-ft  rail. 
Progress   report,   presented  as   information    page  607 

The  Committee  on  Rail, 

W.  J.  Cruse,  Chairman. 

AREA    Bulletin    .S84,    February    1964. 
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Professor   Cramer   Retires 


The  Committee  on  Rail  announces 
the    retirement    of    Professor    R.    E. 
Cramer    at    the    Materials    Testing 
Laboratory    of    the    University    of 
Illinois  from  active  participation  in 
the  Rails  Investigation.  This  inves- 
tigation   was    initiated    on    January 
1,  1931,  by  the  Committee  on  Rail, 
representing   the  American   Railway 
Association    (now    the    AAR),    and 
the    Technical    Committee   on    Rails 
of    the    American    Iron    and    Steel 
Institute,    for    the    express    purpose 
of  determining  the   cause  of  trans- 
verse   fissures    and    means    of    pre- 
venting  their   occurrence.   Professor 
Cramer  was  active  as  research  met- 
allurgist in  this  endeavor  from  19M 
to     1944     when     Professor     H.     F. 
Moore  retired,  and  he  took  charge 
of   the   investigation    until   his   own 
retirement  on  October  IS,  1963. 
.\fter  his  graduation   from   Iowa   State   College  at  Ames,  Iowa,  in  May  1923,  Pro- 
fessor Cramer  was  active  as  a  laboratory  instructor  at  Ames,  metallurgist  and  chemist 
at   the   Strom   Ball    Bearing   Company   and   Victor   Chemical   Company,   metallurgist   on 
the  Illinois  Central   Railroad,  engineer  at  the  Western   Electric  Company  and  the  Poldi 
Steel  Corporation.  He  taught  metallography  at  the  Lewis  Institute  prior  to  his  employ- 
ment with   the   Rails  Investigation. 

He  is  the  author  of  many  publications  covering  various  phases  of  his  endeavor  in 
this  field.  The  professional  societies  that  he  belongs  to  are:  American  Society  of  Metals, 
the  American  Railway  Engineering  Association  and  the  Roadmasters'  Association.  He  is 
also  a  member  of  the  Sigma  Xi  Fraternity. 

Profe.ssor  Cramer  has  two  .sons  and  seven  grandchildren.  One  of  his  sons  is  a  ceramic 
engineer  for  the  Pittsbursrh  Plate  Glass  Company.  The  other  .son  is  an  electrical  engineer 
for  the  Illinois  Power  Company.  On  his  retirement  Professor  Cramer  and  his  wife,  Mary, 
will  follow  his  hobby  of  traveling  and  hiking.  He  is  now  on  a  year's  world  tour  in  a 
caravan  with  his  hou.se  trailer  and  truck,  covering  various  .A.siatic  countries  and  Europe. 


R.  E.  Cramer 


Report  on  Assignment  1 

Revision   of   Manual 


J.  .\.  Bunjer  (chairman,  subcommittee),  H.  B.  Berkshire,  R.  E.  Catlett,  J.  B.  Clark, 
J.  T.  Collinson,  C.  O.  Conatser,  VV.  J.  Cruse,  F  L.  Etchison,  O.  E.  Fort,  V.  E.  Hall, 
T.  B.  Hutcheson,  R.  R.  Lawton,  Ray  McBrian,  J.  S.  Parsons  G.  C.  Payne,  R.  B. 
Rhode,  G.  L.  Todd,  J.  S.  VVearn,  H.  M.  Williamson. 

Your  committee  submits  for  adoption  the  following  recommendations  with  respect 
to  Chapter  4  and  the  Glossary  of  the  Manual: 
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Pages  4-2-1  to  4-2-6,  incl. 

SPECIFICATIONS   FOR   OPEN-HEARTH   STEEL  RAILS    (BASIC- 
OXYGEN  PROCESS  MAY  BE  USED  AT  THE  OPTION 
OF  THE  PURCHASER) 

Add  alternate  to  Art.  7 — Interior  Condition,  as  follows: 

"7  (c)  When  specified  by  the  purchaser,  the  following  procedure  may  be  followed 
in  lieu  of  7  (a)  or  7  (b) : 

A  test  piece  representing  the  top  end  of  the  top  rail  of  each  ingot  of  each  heat 
rolled,  which  has  passed  the  drop  test  requirements  of  Art.  S,  shall  be  nicked  and  broken. 
If  the  fracture  on  any  test  specimen  exhibits  seams,  laminations,  cavities,  or  interposed 
foreign  matter,  the  heat  number  and  ingot  number  shall  be  recorded  and  the  top  end 
and  bolt  holes  of  the  finished  rail,  so  recorded,  shall  be  closely  examined  for  those 
defects.  If  the  finished  rail  is  clear  of  the  above  defects  when  presented  for  inspection, 
it  shall  be  accepted  as  a  No.  1  or  No.  2  rail,  subject  to  the  requirements  of  Art.  8.  If 
the  finished  rail  shows  defects,  it  shall  be  broken  back  to  sound  metal  and  accepted  as  a 
short  rail,  subject  to  the  requirements  of  Art.  8    and  Art.  10. 

If  the  nick-and-break  fracture  on  any  test  specimen  exhibits  a  distinctly  bright  or 
fine  grain  structure  the  heat  number  and  ingot  number  shall  be  recorded,  and  the  top 
rail  represented  shall  automatically  be  broken  back  to  sound  metal  and  accepted  as  a 
short  rail,  subject  to  the  requirements  of  Art.  8  and  Art.  10. 

Short  rails  produced  under  this  procedure  shall  be  excluded  from  consideration  in 
the  11   percent  limitation  of  Art.  10." 

GLOSSARY 

Add  the  following  definition: 
Basic-Oxygen  Steel  Making. — The  term  basic-oxygen  steel  making  is  used  generically 
to  describe  a  process  in  which  molten  iron  is  refined  to  steel  under  a  basic  slag  in  a 
cylindrical  furnace  lined  with  basic  refractories  by  directing  a  jet  of  high-purity  gaseous 
oxygen  onto  the  surface  of  the  hot  metal  baths.  4,  5,  15 

As  an  editorial  change,  revise  the  definition  of  steel  in  the  Glossary  to  include  manu- 
facturing steel   by   the   basic-oxygen   process,   the  revised  definition  to   read  as  follows: 

Steel — A  ferrous  material  produced  in  a  fluid  condition  usually  by  the  bessemer,  open- 
hearth,  electric-furnace  or  basic-oxygen  process.  It  is  practically  free  from  slag,  dis- 
tinguishing it  from  wrought  iron,  and  in  general  contains  less  than  1.70  percent  of 
carbon,  distinguishing  it  from  cast  iron.  4 

RAIL  RECORD  FORMS 

Add  the  following  two  new  forms  (presented  on  pages  523  and  524) : 

Form  402-B — Annual   Report   of   Rail   Failures,   Service   and   Detected, 
in  Rail  of  all  Ages  and  Sections 

Form  402-E — Butt-Welded  Rail  Joint  Failures 

Make  the  following  editorial  changes  in  existing  forms: 

Page  4-3-9,  Form  402 C.  Change  column  headed  "Trans.  Fiss.  Ver.  by  U.  of  I."  to 
"Trans.  Fiss.  Ver.  by  AAR  Lab." 
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Rail 525 

Pages  4-3-10,  Form  402-C  (a).  Paragraph  2,  chanjif  refi'iemi'  to  "Trans.  Fiss.  Ver. 
by  U.  of  I."  to  "Trans.  Fiss.  Ver.  by  AAR  Lab."  Paragraph  3,  correct  instructions  con- 
cerning shipping  12 -in  pieces  of  rail  to  U.  of  I.  to  read  ".  .  .  shall  be  sent  to  Association 
of  American  Railroads  Laboratory,  3140  South  Federal  St.,  Chicago,  III.  60616." 


Report  on  Assignment  2 

Collaborate  with  AISI  Technical  Committee  on  Rail 
and  Joint  Bars  in  Research  and  Other  Matters 
of  Mutual  Interest 

\V.  J.  Cruse  (chairman,  subcommittee),  J.  A.  Bunjer,  T.  F.  Burris,  C.  J.  Code,  C.  A. 
Colpitts,  L.  S.  Crane,  O.  E.  Fort,  D.  T.  Faries,  C.  C.  Herrick,  T.  B.  Hutchcson, 
Ray  McBrian,  B.  R.  Meyers,  Embert  Csland,  G.  L.  P.  Plow,  E.  H.  Waring, 
H.  M.  Williamson. 

This  committee  sponsored  two  research  projects  at  the  University  of  Illinois,  both 
of  which  were  under  the  direction  of  Professor  R.  E.  Cramer.  The  report  on  the  first 
project,  entitled  "Investigation  of  Failures  in  Control-Cooled  Rails",  is  presented  below 
as  Appendix  2 -a. 

The  report  on  the  second  project,  entitled  "Shelly  Rail  Studies  at  the  University 
of  Illinois",  is  presented  as  Appendix  8-b  under  Assignment  8. 

During  the  past  year  field  inspections  were  made  and  contours  taken  of  basic- 
oxygen  steel  rails  being  tested  on  the  Santa  Fe  Railway  and  of  high-silicon  rail  being 
tested  on  the  Southern  Pacific  Company.  Reports  on  these  two  inspections  were  made 
by  J.  R.  Zadra,  assistant  superintendent  quality  control,  Colorado  Fuel  &  Iron  Cor- 
poration, and  are  presented  below  as  Appendix  2-b  and  Appendix  2-c. 


Appendix  2-a 

Investigation   of   Failures   in   Control-Cooled   Rails 

By  R.  E.  CRAMER 

Research    Associate    Professor   of    Engineering    Materials,    University   of    Illinois 

Organization  and  Acknowledgment 

This  investigation  is  financed  by  the  Research  Department  of  the  Association  of 
American   Railroads. 

Control-Cooled   Rails   Which   Failed   in  Service 

Since  our  last  report  of  October  1,  1962,  reports  have  been  prepared  on  eight 
control-cooled  rails  sent  to  this  laboratory  as  failed  rails.  These  reports  are  sent  to  the 
railroad  engineers  supplying  the  failed  rails,  and  copies  go  to  the  rail  manufacturer  and 
the   director   of   engineering   research,   AAR    for   the   Association's   rail   failure   statistics. 

Table  1  gives  a  summary  of  the  failures  and  table  2  lists  each  rail  separately. 

Transverse   Fissures   from  Shatter  Cracks 

Three  more  rails  from  the  Algoma  Mill  were  found  with  transverse  fissures  from 
shatter  cracks.  All  three  were  rolled  before  changes  were  made  in  this  company's  control- 
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Table  1 — Summary  of  Failed  Control-Cooled  Rails 


Transverse  Fissure  from  Shatter  Cracks 

Transverse  Fissure  from  Hot  Torn  Steel 

Compound  Fissure  from  Overheated  Ingot- 
Detailed  Fracture  from  Shelling 

Total 


Fig.  1 — Rail  1092  with  transverse  fissure  from  shatter  cracks. 
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Fig.  2 — Rail  1095,  transverse  fissure  from  hot  torn  steel. 


cooling  process  in  1950.  Fig.  1  shows  the  fissure  in  Rail  1092  and  an  etched  slice  from 
the  rail  head.  The  etched  slice  contains  numerous  transverse  shatter  cracks  and  two 
smaller  transverse  fissures  which  had  started  to  develop.  It  is  surprising  that  a  rail  with 
so  many  large  shatter  cracks  would  have  lasted  in  service  since  1949,  the  year  it  was 
rolled.  The  other  two  rails  with  transverse  fissures  from  shatter  cracks  had  only  one 
small  shatter  crack  on  the  etched  slices. 


Transverse  Fissures  from  Hot  Torn  Steel 

Three  failed  rails  contained  tranverse  fissures  from  hot  torn  steel.  One  rail  1095, 
was  from  the  Inland  Mill  and  was  rolled  in  1954.  The  other  two  were  from  the  Steelton 
Mill,  No.   1099   rolled  in   1939,  and  No.   1098   rolled  in   1945.  The  rail  with   the  most 
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Fig.  3 — Rail   1091,  compound  fissure  from  overheated  ingot. 


porosity  from  the  hot  torn  condition  was  No.   1095,  shown  in  Fig.  2.  It  had  been  in 
continuous   welded   track   about   eiuht   years   even   with   this  large  amount   of  porosity. 

Compound  Fissure  from  Overheated  Ingot 

This  is  a  cause  of  rail  failure  not  previously  recognized.  The  fracture  of  Rail  1091 
is  shown  in  Fig.  3.  The  horizontal  portion  of  the  compound  fissure  is  short.  The  etched 
slice  from  the  rail  head  shows  a  type  of  porosity  sometimes  found  in  rails  from  over- 
heated blooms.  Since  the  Colorado  Mill  does  not  reheat  its  blooms  during  rolling, 
this  condition  was  discussed  with  some  of  its  people.  Their  analysis,  from  studying 
the  failed  rail  and  the  records  of  this  heat,  was  that  the  "A"  rail  portion  of  the  ingot 
could  have  been  overheated  and  the  porous  condition  resulted  when  the  overheated 
ingot  was  rolled  into  rails.  It  is  the  first  time  the  mill  metallurgists  have  found  this 
condition  in  their  rails. 
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Appendix  2-b 

Basic-Oxygen-Steel  Rail  Tests — Atchison,  Topeka  & 

Santa  Fe  Railway— Sections  1190  and  1360, 

Mulhall,  Okla.,  and  Eldorado,  Kans. 

By  J.  R.  Zadra 

Assistant    Superintendent,    Quality    Control    Department,    Colorado    Fuel    &    Iron    Corporation 

On  July  14,  1963,  the  writer  and  G.  Boedecker  made  an  inspection  and  contours 
of  a  test  installation  near  Mulhall,  Okla.,  of  110-lb  rail  made  of  basic-oxygen  steel. 
On  July  15,  1963,  the  writer  and  Mr.  Boedecker,  along  with  J.  J.  Cannon,  roadmaster, 
and  V.  E.  Hall,  assistant  engineer,  of  the  Santa  Fe,  made  an  inspection  and  contours 
of  a  test  installation,  near  Eldorado,  Kans.,  of  136-lb  rail  made  of  basic-oxygen  steel. 

These  two  test  installations  contains  rails  from  the  first  basic-oxygen  steel  rails 
that  were  made.  Some  of  the  rails  are  welded  and  others  are  not.  The  test  installation 
at  Eldorado  contains  four  78-ft  rails  and  three  39-ft  rails,  Section  1360,  laid  November 
1961.  The  traffic  over  this  installation  is  all  high-speed  freight,  and  the  tonnage  over 
these  rails  since  they  were  laid  up  to  July  IS,  1963,  was  67.756  million  gross  tons.  This 
is  tangent  track. 

The  test  installation  near  Mulhall  contains  five  78-ft  rails  and  eight  39-ft  rails, 
Section  1190,  laid  October  1961.  This  track  carries  both  passenger  and  freight.  The 
tonnage  over  these  rails  from  the  time  they  were  laid  up  to  July  15,  1963,  was  30.094 
million  gross  tons.  This  is  also  tangent  track. 

On  November  13,  1961,  just  a  short  time  after  these  basic-oxygen  rails  were 
installed,  base  contours  were  made  in  order  to  establish  a  starting  point  for  the  open- 
hearth  rails  that  were  already  in  track.  Thus,  the  contours  made  on  July  14  and  IS, 
1963,  are  the  first  ones  for  comparison  purposes.  The  accompanying  drawings.  Plates 
XI-A,  XII-A,   and  XIII-A,  shows  the  comparative  rates  of  wear. 

These  contours  do  not  show  any  significant  difference  in  wear  rate,  so  no  wear- 
rate  calculations  were  made.  The  hne,  surface  and  gage  of  the  track  were  good. 
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CONTOURS  SHCWING  WORN  HEAD  AREA  (F  STANDARD  CARBON  RAIIS.    (Base   Is   contour  II/I3/61) 
TRAFFIC  DENSIW,    NOV.    I3,    I96I  to  JULY    15,    19^3       67,756,000  GROSS   TONS 
M.P.    172  ELDORADO,    KANSAS.      TRAFFIC  E-W  MAIN  LINE  ALL  FREIGHT.   SPEED  60  MPH 
TANGENT  TRACK.  GRADE    -  0     ELEVATION   -  0 

RAILS   BtLOW  ON  WEST  END   OF  TEST   INSTALLATION 


SOUTH   RAIL 


GAGE 


NORTH   RAIL 


STANDARD  CARBON,    0.   H. 
HEAT  NO.    9^0751-B-1» 
ILLINOIS 


STANDARD  CARBON,    0.   H. 
HEAT  NO.    80973 3 -E -22 
ILLINOIS 


GAGE 


STANDARD  CARBON,    B.   0. 
HEAT  NO.    X-0114-B-2 
CFU 


STANDARD  CARBON,    B.    0. 
HEAT  NO.    X-OllU-D-2 
CF&I 


A.   T.   &  S.   F.,   SECTION   I36O 


CONTOURS  MADE  7/15/63 


Plate    XI-A,   field   studies   of    136-lb  basic-oxygen-steel  rail   vs.  open-hearth 
steel  rail,   Santa   Fe   Railway,   Eldorado,  Kans. 
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CONTOUIB  SHOWING  WORN  HEAD  AREA  OF  STAJJDARD  CARBON  RAILS.    (Base   Is   contour  or   II/I3/6I) 
TRAFFIC  DENSITY,    NOV.    I3,    I96I  to  JULY    15,    I963       67,756,000  GRC6S   TONS 
M.P.    172  ELDORADO,    KANSAS.      TRAFFIC  E-W  MAIN  LINE  ALL  FREIGHT.    SPEED  60  MPH 
TANGENT  TRACK.  GRADE    -  0       ELEVATION    -  0 

RAILS   BELOW  ON  EAST  END   OF   TEST  INSTALLATION 


SOUTH   RAIL 


NORTH   RAIL 


GAGE 

5/8" 


STANDARD  CARBON,   0.  H. 
HEAT  NO.   6587U-A-I6 
ILLINOIS 


STANDARD  CARBON,    0.   H. 
HEAT  NO.    589385 -D -21* 
ILLINOIS 


GAGE 

5/8" 


STANDARD  CARBON,  B.  0. 
HEAT  NO.  X-OllU-A-2 
CF4I 


STANDARD  CARBON,  B.  0. 
HEAT  NO.  X-OllU-E-13 
CF4I 


A.  T.  &  S.  P.,  SECTION  I360 


CONTOURS  MADE  7/15/63 


Plate  XII-A,  field  studies  of  136-lb  basic-oxygen  steel-rail  vs.  open-hearth- 
steel  rail,  Santa  Fe  Railway,  Eldorado,  Kans. 
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CONTOURS  SHOWING  WORN  HEAD  AREA  CF  STANDARD  CARBON  RAILS.    (Base   !«   contour  of   II/13/6I) 
TRAFFIC  DENSITY,   NOV.    I3,    I96I  to   JULY    15,    I963        30,09!*, 000  GROSS   TONS 
M.P.    3U2  MULHAIL,    OKLA.      TRAFFIC  E-W  MAIN  LINE       FREIGHT  &  PASSENGER 
TAMQENT  TRACK         GRADE   -   1/2%       ELEVATION    -  0       SPEED   90P   -  60F  MPH 
RAILS   ON   EAST  END   Cf   TEST   INSTALLATION 


NORTH   RAIL 


SOUTO  RAIL 


GAGE 


5/8" 


STANDARD  CARBON,    0.   H. 
HEAT  NO.    799273-C-l 
ILLINOIS 


STANDARD  CARBON,    0.   H. 
HEAT  NO.    7I-I25-C-9 
CF&I 


STANDARD  CARBON,    B. 
HEAT  NO.   X-OI3I-E-7 
CF«cI 


0. 


STANDARD  CARBON,    B.    0. 
HEAT  NO.   X-0131-E-6 
CF&I 


A.  T.  &  8.  F. 


8ECTICW  1190 


CONTOURS  MADE  7/I5/63 


Plate  XIII-A,  field  studies  of  119-lb  basic-oxygen-steel  rail  vs.  open-hearth- 
steel  rail,  Santa  Fe  Railway,   Mulhall,  Okla. 
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Appendix   2-c 

Test  Installation  of  High-Silicon,  High-Silicon-Vanadium 

and  High-Silicon-Vanadium-Chromium  Steel  Rails, 

Section  1360,  Southern  Pacific  Company 

By  J.   R.   ZADRA 

Assistant    Superintendent,    Quality    Control    Department,    Colorado    Fuel    &    Iron    Corporation 

On  March  4,  1959,  three  ladles  of  Hi-Si-V  and  one  ladle  of  Hi-Si-V-Cr  were  rolled 
into  Section  1360  rails  for  test  installation  on  the  Southern  Pacific  Company. 

On  August  26,  1963,  the  writer,  G.  Boedecker  and  A.  C.  Lamberson  of  CF&I,  accom- 
panied by  J.  Strong,  assistant  division  engineer,  M.  Newcomb,  chief  estimator,  and 
E.  Moore,  roadmaster.  Southern  Pacific,  made  a  joint  field  inspection  trip  for  the 
purpose  of  obtaining  service  data  on  these  rails,  which  were  laid  during  April  1959  in 
various  curves  on  the  Southern  Pacific  east-west  main  line  over  the  Tehachapi 
Mountains  in   California. 

These  test  rails  were  being  compared  with  new  Hi-Si  rails  laid  at  the  same  time 
in  these  same  curves.  Comparison  is  for  flange  wear,  head  metal  flow,  and  gage  corner 
shelling.  Curve  lubricators  are  used,  and  heavy  sanding  is  applied  as  indicated  by  the 
grade  and  pull.  Tonnage  carried  by  these  test  curve  rails  as  of  August  26,  1963,  was 
from  202.105  to  204.665  million  gross  tons 

This  inspection  was  made  on  Curves  19,  ii,  59  and  109.  Details  of  this  inspection 
follow. 

Curve  19 

This  curve  contains  Hi-Si-V-Cr  rails  and  Hi-Si  rails.  These  rails  were  transposed 
in  April  1963.  These  rails  had  carried  185  M.G.T.  before  transposition  and  have  an 
accumulative  tonnage  of  202.105  M.G.T.  Transposition  was  due  to  medium  but  numer- 
ous gage  corner  shell  spots  in  the  Hi-Si  rails  on  the  high  side  of  the  curve.  The  Hi-Si- 
V-Cr  rails  also  showed  light  gage  corner  shells,  containing  from  one  to  three  shell  spots 
per  rail.  No  contours  were  made  due  to  the  fact  that  the  rails  had  been  transposed. 
However,  contours  made  in  1962  did  not  indicate  sufficient  decrease  in  wear  rate  to 
justify  the  use  of  Hi-Si-V-Cr  steel. 

Curve  33 

Hi-Si-V  and  Hi-Si  rails  are  in  the  high  side  of  the  curve.  These  rails  have  carried 
202.353  miUion  gross  tons  of  traffic.  No  gage  corner  shelling  was  evident.  These  rails 
were  being  transposed  because  of  flange  wear  on  the  high  rail.  Contours  of  the  wear 
rate  comparison  are  shown  in  Plate  VH-C.  The  difference  in  wear  rate  between  the 
two   types  of  steels  is  not  significant  enough  to  warrant  the  use  of  the  Hi-Si-V  steel. 

Curve  59 

This  curve  contained  only  two  Hi-Si-V-Cr  rails,  the  balance  were  Hi-Si  rails. 
These  rails  were  placed  only  on  the  high  side  of  the  curve  as  no  new  rails  were  laid 
on  the  low  side.  These  rails  were  transposed  in  August  1962,  after  153.6  million  gross 
tons  of  traffic  had  passed  over  them,  which  is  considered  good.  Here,  again,  the  differ- 
ence in  wear  rate  between  the  Hi-Si-V-Cr  and  the  Hi-Si  steels  is  not  significant  enough 
to  justify  the  use  of  the  Hi-Si-V-Cr  steel.  No  contours  were  made  of  these  rails  due 
to  the  fact  that  they  were  transposed. 
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CURVK  NO.    33  CALIENTE   -   TEHACHAPI,    CALIFORNIA 

M.P.    339.73  GRADE  2.Vf>  ASCENDING  WEST 

DRGREE  8*    -   20'  ELEVATION  2.25" 


TRAFFIC  EAST-WEST  MAIN   LINE 
SPEED   3OP   -  25F   M.P.H. 


HIGH  I  RAIL 


HI-SI-V  RAIL 

HEAT  NO.   O5-I2U-B-I* 

WORN  AREA  .52"" 


GAGE  SIDE 

5/8" 
t 


COMPARED  TO  THEORETICAL  SECTION 


HI -SI  RAIL 

HEAT  NO.  21-011-D-ll 
WORN  AREA  .59°" 


80.  PAC.,  SECTION  I360  LAID  APRIL  1959 


CONOTUFS  MADE  8/26/63 


Plate  VII-C,  field  study  of   136-lb  high-silicon  rail  vs.  high-silicon- 
vanadium  rail,  Southern  Pacific  Company. 
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Hi-Si-V  and  Hi-Si  rails  were  in  the  curve,  both  on  the  high  and  low  sides. 
These  rails  were  transposed,  however,  in  April,  1963,  after  carrying  187.430  million  gross 
tons  of  traffic.  Contours  made  in  1Q62  of  this  curve,  did  not  show  sufficient  difference 
in  the  wear  rate  between  the  steels  to  justify  the  use  of  Hi-Si-V.  These  rails  have  an 
accumulative  tonnage  of  204.665  million  gro.ss  tons.  No  gage  corner  shelling  was  in 
evidence. 

From  our  observations  of  these  curves  over  the  past  several  years  and  contours 
made  to  show  the  comparative  rates  of  wear  of  the  three  types  of  steel  rails,  it  is 
concluded  that  the  Hi-Si-V-Cr  and  the  Hi-Si-V  alloys  have  not  retarded  gage  corner 
shelling  in  those  curves  where  shelling  occurs  nor  lessened  the  crushing  effect  in  the 
low  rail  sufficiently  to  justify  their  use  over  the  Hi-Si  steel  rails, 

Since  the  rail  in  all  these  curves  have  been  tran.spo.sed,  this  test  installation  is 
considered  completed. 

Report  on  Assignment  3 

Rail    Failure    Statistics    Covering    (a)    All    Failures, 

(b)  Transverse  Fissures,  (c)  Performance  of 

Control-Cooled  Rail 

D.  T.  Faries  (chairman,  subcommittee),  S.  H.  Barlow,  J.  M.  Bentham,  B.  Bristow, 
J.  A.  Bunjer,  J.  B.  Clark,  C.  O.  Conaster,  W.  J.  Cruse,  O.  E.  Fort,  C.  E.  R. 
Haight,  H.  W.  Jenkins,  K.  K.  Kessler,  F.  R.  Michael,  H.  R.  Moore,  C.  E.  Morgan, 
Embert  Osland,  C.  F.  Parvin,  D.  H.  Shoemaker,  H.  F.  Smith,  A.  P.  Talbot,  J.  S. 
Wearn,  W.  L.  Young. 

These  statistics  are  based  on  the  rail  failures  reported  to  December  31,  1962,  and 
are  submitted  as  information.  They  include  the  service  and  detected  failures  reported 
by  49  railroads  on  all  of  their  main-track  mileage,  which  constitutes  approximately  90 
percent  of  the  main  track  in  the  United  States  and  Canada.  This  report  is  a  technical 
service  of  the  Association  of  American  Railroads  Research  Department,  W.  M.  Keller, 
vice  president-research,  and  was  prepared  by  Kurt  Kannowski,  metallurgical  engineer, 
and  M.  J.  Wisnowski,  metallurgical  assistant,  under  the  direction  of  G.  M.  Magee, 
director  of  engineering  research. 

The  track  mileage  in  which  failures  are  reported  remains  essentially  the  same  this 
year  as  in  previous  years,  although  there  have  been  some  change  in  the  number  of 
roads  reporting  due  to  mergers,  dropouts  or  additions.  The  Florida  East  Coast,  Rutland, 
and  Lehigh  &  New  England  Railroads  did  not  report  this  year  for  the  reasons  given 
in  the  footnotes  of  Table  1.  An  additional  railroad  reporting  this  year  is  the  Cartier 
in  Canada.  This  is  an  ore-hauhng  railroad  with  much  curvature  and  heavy  wheel  loads. 

The  accompanying  tables  and  diagrams  indicate  the  extent  of  control  of  the  trans- 
verse fissure  problems  that  has  been  obtained  by  the  use  of  control-cooled  rail  and 
detector  car  testing,  give  data  on  the  quality  of  each  year's  rollings  for  the  various 
mills,  and  show  the  types  of  failures  that  are  occurring  on  the  various  railroads  as 
related  to  the  mill  producing  the  rail 

Transverse   Fissure   Failures 

Data  on  service  transverse  fissure  failures  and  detected  transverse  defects  are  given 
in  Table  1  and  Fig.  1.  Table  1  shows  this  information  for  individual  roads  for  the 
10-year  period,   1953   to   1962,  incl.  Comparing  the  1962  with  the  1961  service  failures, 
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several  roads  showed  decreases  but  increases  predominated,  and  there  would  have  been 
a  substantial  increase  for  1962  except  for  the  larf;e  decrease  of  the  Southern  Pacific  from 
167  in  1961  to  49  in  1962.  This  large  decrease  was  sufficient  to  produce  a  net  decrease 
in  the  total  from  506  in  1961  to  a  new  low  of  482  in  1962. 

The  number  of  detected  failures  increased  from  21,831  in  1961  to  21,894  in  1962. 
The  number  of  track  miles  tested  by  detector  cars  according  to  data  received  from 
reporting  roads  increased  from  193,516  in  1961  to  206,291  in  1962,  as  indicated  in  the 
following  table. 


l'(<j;-  Tixlid 

No.  of  Uonds 
Reporliny 

Track  .\filen 

Tested  by 
Detector  Cars 

1953 

59 

5r> 

5C. 
50 
57 
54 
53 
53 
48 
50 

•212,280 

1954 

201.134 

1955 

18(1,322 

195t) 

190,882 

1957 

212,082 

m58 

216,731 

IM.'jM 

212,833 

IWliO 

200,731 

19til 

193,510 

19ti2                  ..    -. 

200,291 

The  complete  story  on  service  and  detected  failures  is  given  in  Fig.  1.  The  sig- 
nificance of  this  figure  was  explained  in  detail  in  a  previous  report  (Vol.  61,  page  845) 
and  will  not  be  repeated.  Lines  "C"  and  "D"  were  discontinued  in  1958  because  they 
had  served  their  purpose.  The  most  important  line  in  Fig.  1,  "A",  is  for  service  trans- 
verse fissures  and  shows  the  improvement  that  has  been  effected  since  1943  by  the  use 
of  control-cooled  rail  and  detector  car  testing. 

Mill  Performance 

The  number  of  service  and  detected  rail  failures  that  occur  during  the  first  five 
years  of  service  has  been  considered  to  be  a  good  criterion  of  mill  performance  and  the 
quaUty  of  rail  as  manufactured.  Fig.  2  shows  these  failures  for  each  year's  rollings 
from  1908  to  1957,  incl.  An  explanation  of  the  gratifying  decrease  in  the  number  of 
failures  throughout  this  period  was  given  in  last  year's  report.  The  question  has  been 
raised  as  to  whether  these  failures  during  the  first  five  years  of  service  might  reflect 
unusually  severe  service  conditions  rather  than  rail  quality.  This  is  no  doubt  true  to 
some  extent,  but  the  consistent  and  marked  decrease  in  failures  over  the  years  shown 
in  Fig.  2  in  spite  of  increase  in  train  speed,  wheel  loadings,  and  traffic  density,  with 
no  appreciable  reduction  in  amount  of  grades  and  curvature,  would  indicate  that  the 
number  of  failures  during  the  first  five  years  of  service  is  a  good  general  criterion  of 
rail  quality. 

Fig.  3  shows  the  control-cooled  rail  failure  rate  cumulatively  for  the  rollings  from 
1952  to  1961,  incl.  by  the  different  mills.  There  is  no  significant  difference  between  the 
rates  for  all  mills  in  this  figure  with  the  rates  given  in  the  corresponding  figure  in  last 
year's  report.  In  making  comparison  between  mills  as  reflected  in  this  figure,  it  is 
important  to  recognize  that  becau.se  of  service  conditions  on  roads  .served  by  the  various 
mills,  these  failure  data  should  not  be  taken  as  neces.sarily  indicative  of  the  rail  quality. 
A  detailed  explanation  of  the  reasons  for  the  difference  in  failure  rates  for  the  different 
mills  and  different  year's  rollings  was  given  in  the  report  last  year  for  rollings  up  to  and 
incuding  the  1960  rollings.  The  rates  for  the  1961  rollings  of  the  Algoma,  Colorado, 
and  Gary  mills  are  below  the  average  for  all  mills.  The  failure  rate  of  1.6  for  Dominion 
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actually  represents  only  one  Other  Head  failure  in  62  mile  years;  2.2  for  Steelton  repre- 
sents only  three  Broken  failures  in  136  mile  years;  and  1.1  for  Tennessee  represents 
one  CF  and  DF  and  one  Broken  failure  in  184  mile  years.  Obviously  such  a  small 
number  of  failures  can  be  given  little  import. 

Attention  is  directed  to  the  very  appreciable  reduction  in  new  rail  laid  each  year 
since  1958  as  shown  in  Table  2.  The  figure  of  200,210  does  not  represent  all  new  rail 
laid  because  rollings  for  any  railroad  from  one  mill  of  less  than  500  tons  are  not  included. 
According  to  data  from  the  American  Iron  and  Steel  Institute,  an  estimated  573,000 
net  tons  were  rolled  for  use  in  the  United  States  and  Canada  in  1961.  However,  with 
over  200,000  miles  of  main  track  to  maintain,  the  renewal  of  only  1,339.50  miles  in 
1961  is  obviously  a  reflection  of  the  unfavorable  business  conditions  with  which  the 
railroads  are  confronted 

Fig.  4  and  Table  3  from  which  the  figure  is  derived  show  not  only  the  effect  of 
years  of  service  on  rail  failures  but  also  a  comparison  of  the  reduction  in  failure  rates 
effected  with  the  new  rail  sections  introduced  in  1947.  This  will  be  discussed  more 
fully  later. 

Types  of  Failures 

Table  5  shows  the  accumulated  service  and  detected  failures  per  100  track  miles 
in  the  rollings  from  1952  to  1961,  inch,  that  have  occurred  to  December  31,  1962,  by 
types  of  failure  and  by  mills.  A  decrease  compared  to  last  year's  data  will  be  noted  for 
all  types  of  failures  except  HSH  and  Broken.  Web-in- Joint  failures  comprise  27  percent 
of  all  failures  and  the  CF  and  DF's,  41  percent.  Both  of  these  types  of  failures  are 
considered  to  be  due  to  design  or  operating  conditions  rather  than  rail  quality.  The 
large  number  of  CF  and  DF's  from  Carnegie-E.  T.  rollings  occurred  on  the  Norfolk  & 
Western  due  to  heavy  traffic  and  curvature,  and  the  large  number  from  Colorado 
occurred  on  the  Union  Pacific  for  the  same  reasons.  The  relatively  large  number  of 
VSH  and  Other  Head  failures  in  Algoma  rollings  occurred  in  rollings  prior  to  1956. 
The  large  number  of  Web-in-Joint  failures  in  the  Algoma,  Colorado,  and  Dominion 
rollings  are  evidently  due  to  design,  as  relatively  few  of  this  type  of  failure  have  been 
reported  for  the  new  sections  shown  in  Table  5a. 

The  extent  to  which  the  "new  rail  sections"  adopted  in  1947  have  affected  the 
number  of  failures  of  each  type  is  indicated  in  the  following  tabulation  which  shows  the 
accumulated  failures  in  the  "old  sections"  in  the  1938  to  1947  roUings,  incl.,  which  were 
mostly  control-cooled  rail;  in  the  1952  to  1961  rollings,  incl.,  which  include  mostly  new 
but  some  of  the  old  sections;  and  in  the  1952  to  1961  rollings,  incl.,  which  include  the 
new  sections  only  as  shown  in  Table  5a. 


Accumulated  Failures  Per 
100  Track  Mile  Years 

Old  Sections 
(1938-1947) 

All  Sectio7ts 
(1952-1961) 

New  Sections 
(1952-1961) 

0.02 
1.73 
0.58 
0.53 
0.52 
0.75 
3.34 
1.47 
0.30 

0.004 

1.44 

0.26 

0.18 

0.49 

0.06 

0.95 

0.08 

0.05 

0.004 

CF  and  DF                 .              ---    

1.64 

VSH                       -  - 

0.09 

HSH                                          .       -   

0.15 

Other  Head     .            

0.26 

0.05 

0.17 

Web — Other                                                        

0.04 

0.02 

All  Types                                        

9.24 

3.52 

2.42 
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This  tabulation  is  quite  similar  to  the  corresponding  tabulation  given  in  last  year's 
report  and  the  comments  made  therein  need  not  be  repeated.  Substantial  reductions 
have  ben  effected  in  all  types  of  failures  except  the  CF  and  DF  classification,  and 
apparently  the  improvements  in  design  and  rail  quality  have  not  been  sufficient  to 
overcome  the  increasing  wheel  loads  and  operating  speeds.  The  very  large  decrease, 
almost  elimination,  of  web  failures  with  the  new  sections  is  thought  to  be  due  mostly 
to  design.  The  reduction  in  other  types  of  failures  is  probably  due  to  a  combination  of 
factors — improved  rail  quality,  design  and  maintenance  practices  and  change-over  from 
steam  to  diesel  power.  Traffic  has  not  reduced  enough  to  be  much  of  a  factor. 

Table  6  shows  the  accumulated  failures  in  the  rollings  from  1952-1961,  incl.,  by 
mills,  roads,  and  typea  of  failure.  In  a  few  instances  the  number  of  failures  are  out- 
standing, and  it  was  suggested  in  the  report  last  year  that  a  study  of  service  conditions 
for  these  might  be  helpful.  Accordingly,  an  inspection  was  made  this  year  of  locations 
on  the  Union  Pacific  where  a  large  number  of  CF  and  DF  failures  had  occurred.  The 
track  conditions  were  found  to  be  above  average.  Rail  contours  taken  on  the  curves 
did  not  show  any  unusual  wear  condition.  It  was  noted  that  at  one  location  with  the 
westbound  traffic  on  a  downgrade,  152  CF  and  DF's  were  detected  on  six  curves.  For 
the  same  curves  on  the  eastbound  upgrade  track  only  25  CF  and  DF's  were  detected 
on  the  same-age  rail.  The  traffic  density  was  not  greatly  different  on  the  two  tracks. 
Observations  were  made  on  other  curves  with  similar  results.  It  is  evident  that  speed 
on  curves  has  a  considerable  effect  on  the  development  of  this  type  of  failure. 

Table  7  shows  the  service  and  detected  failures  in  the  rail  web  within  joint  bar 
limits.  Comparing  these  results  with  those  reported  in  the  last  two  years,  it  will  be 
noted  that  the  number  of  joints  reported  inspected  with  defect-detecting  instruments 
increased  from  13,208,822  in  1960  to  16,125,298  in  1961  and  to  18,628,525  in  1962.  The 
number  of  detected  defects  in  control-cooled  rail  (rolled  after  1937)  decreased  from 
9,716  in  I960  to  9,218  in  1961  and  increased  to  11,158  in  1962.  The  number  of  service 
failures  decreased  from  3,206  in  1960  to  3,202  in  1961  and  increased  to  4,651  in  1962. 
Although  there  was  a  15  percent  increase  in  the  number  of  joints  inspected,  an  increase 
in  service  failures  of  45  percent  occurred. 

Professor  R.  E.  Cramer  at  the  University  of  Illinois  has  examined  rail  failures 
submitted  each  year  by  the  railroads  which  arc  thought  to  be  transverse  fissures.  These 
are  reported  again  in  Table  8.  It  can  be  noted  that  no  transverse  fissure  from  a  shatter 
crack  has  been  found  in  the  rollings  since  1951,  indicating  that  this  problem  is  under 
control.  The  transverse  fissures  from  hot  torn  steel  and  inclusions  arc  due  to  mill  prac- 
tice and  can  be  kept  to  a  minimum  by  proper  quality  control.  The  above  phase  of  this 
study  will  be  discontinued  at  the  University  of  Illinois  due  to  the  retirement  of 
Professor  Cramer.  It  will  be  continued  at  the  AAR  Research  Center. 

Table  9  presents  a  sampling  of  the  welded  engine  burns  and  failures  on  a  few  rail- 
roads that  have  a  record  of  these  failures.  It  can  be  noted  that  only  20  failures  occurred 
out  of  821,999  in  track,  and  that  65.313  engine  burns  were  welded  in  1962.  From  the 
number  of  roads  involved,  the.se  figures  indicate  the  practice  of  welding  engine  burns 
is  showing  good  service  performance.  This  confirms  the  extensive  laboratory  tests  made 
several  years  ago  which  indicated  that  although  a  welded  engine  burn  was  more  likely 
to  develop  a  failure  than  an  unburned  rail,  it  was  le.ss  likely  to  develop  a  failure  than 
an  engine  burn  which  had  not  been  welded.  The  use  of  care  and  a  good  procedure  in 
welding  engine  burns  is,  of  course,  an  important  factor  in  obtaining  good  service 
performance. 
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Fig.  4  -  Control  Cooled  Hail  Failures  to  December  31.   1962  Per  100  Track  MiUs 
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TABLE  2  -  TONS  OF  RAILS  AND  TRACK  MILES  OF  EACH  YEAR'S  ROLLINGS  19S2 
REPORTED  BY  51  RAILROADS 


Year 
Rolled 

OH  CONTROL  COOLED  ONLY 

NET  TONS 

TRACK  MILES 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 

987,006 
1,207,782 
823,831 
883,125 
865,017 
814,723 
401,532 
458,260 
364,097 
290,210 

4,796.63 
5,683.69 
3,833.60 
4,085.60 
4,024.40 
3,480.30 
1,855.90 
2,131.10 
1.674.60 
1,339.50 

TOTAL 

7,095.583 

32.905.32 

SERVICE  AND  DETECTED  FAILURES  OF  ALL  TYPES  EXCEPT  ENGINE  BURN  FAILURES 
ACCUMULATED  FROM  DATE  ROLLED  TO  DECEMBER  31,  1962,   PER  100  AVERAGE 
TRACK  MILES,   CONTROL  COOLED  RAIL  ONLY,  IN  ALL  ROLLINGS  FROM  ALL  MILLS 


Year 
Rolled 

YEARS  OF  SERVICE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1952 

2.0 

2.8 

4.3 

7.9 

13.2 

18.7 

25.3 

32.3 

38.6 

50.2 

1953 

0.8 

2.0 

4.0 

9.2 

15.6 

22.5 

30.6 

30.9 

47.6 

1954 

0.5 

1.3 

3.5 

6.1 

10.9 

15.9 

21.7 

27.6 

1955 

0.7 

1.5 

2.3 

4.0 

6.9 

10.4 

13.1 

1956 

0.4 

1.3 

3.3 

6.3 

10.1 

15.0 

1957 

0.5 

1.3 

2.5 

4.3 

7.4 

1958 

1.0 

1.8 

3.0 

5.2 

1959 

2.0 

2.8 

4.3 

1960 

0.5 

1.6 

1961 

0.8 
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1  AbLt  4  -  THAlK  MILES  ANO  1962  FAILURES,  ALL  TYPES.  IN  HdLLINGS  1952  TIJ  laoi.  INCL. 
OPEN-HEAHTH  a.)STR<)L-CO<lLED  HAIL  ONLY 


K.  '  \ll 

rilACK  .MILES  BY  .MILL 

1902  KAILLKKS                 | 

M.G 

C.AH.N 

CUUi 

DOM 

CAHV 

I.M.I) 

LACKA 

STLTS 

TE.NN 

TOTAL 

EBKs  t.\C  L. 

EBKa  li.Nl.V 

ATliSE 

ACL 

B(:>> 

Btoi-I 

BILL 

19J 

14S!t 

41» 

"'■' 

- 

1  ." 
41,4 

.".4"1 

2442 
699 
1125 

32 
2 

17 
1 

1 

Ban  Ar....^ 

B4.M 

I  P 

I  AKTlKK 

C.   >jl  G.i. 

.»07 

■• 

'j'^ 

1  .-■ 

3430 
19U 
183 

431 

' 

I  t.Kl 
C16.1 

-.4- 

tz 

'iii 

1371 

1 
4 

I  MSI  Pi  I' 
CKliP 

DliH 

"- 

ll'j 

i;;i 

849 

332 
121 
277 

12 

tin- la.  k 

r.  1  w 
if 

JCL 

.. 

'-4 

1". 

1  ID 

■■ 

4l>5 

12jj 
1177 

4 

2 

11 

1 

KcS 
LS.1IK 
1\ 
1.1 
1.4:  N 

.:. 

'- 

1^37 

174 

37 

1271 

11 

Mf.   t\nl- 
MStPiSStM 
Mhl 

MP  Lm.s 
NVC  (S>3.) 

" 

■  U 

,r-i 

1" 
«1 

4T 

47a 

123U 

2 

18 

NYNH4H 
.SS;  w 

.NP 
PKK 
P«.  1  t- 

1-^4 

,.,u 

;t>i 

IT.. 

48 
35 

97 

If/J 

246 
7.S9 
47 

3 
14 

i 

WNSil- 

K  Kl.  P 
SIL-Sl 
SAL 

loa 

177 

t,»l 

353 
169 
97 
681 

747 

53 

1 

SP 

Simlhi-rri 

tP 

v..   MU. 

.. 

K,., 

... 

;;> 

1  IjU 

9b 

2295 
2<a6 

1885 
234 

446 

' 

ri'i  \i 

.„. 

IT-l 

TM. 

-•- 

79U3 

2U96 

1371 

3.7„ 

4'J43 

32137 

1  9112 

Ihi-  foUuwinti  railroads  did  not  rtix^rt  and  wen 
L&NE  -  Becauit-  ol  ftinkruptcy. 
The  NYC  Sys.   includis  Iht-  BJiA.   .NYC  Soulhen 
NYC  (Wcsurn  UislrUt)  und  NTiC  (Northern  Dii 
The  DLIiW  merged  with  the  Erie  Kaitmiid. 
The  NCISTL  nu-nted  with  the  L&N  Railroad. 
The  TtiNO  merxed  with  the  SP  Kailruad. 
The  Virtpnian  merced  with  the  NtW  Railroad, 
nie  Tip  merged  with  tlie  MP  Hailroad. 


omitted  from  this  tables    NYC&STL  -  No  i 


KECiRutland  -  Bee 


District  (CCCJiSTL,   P4E»,  NYC  (New  York  Dlntrict),  NYC  (Eamem  District). 
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TABLE  0  -  ACCUMULATED  FAILURES  OF  ALL  TYTOS  FOR  OH  CONTROL  COOLED  HAIL,  ONLY  IN 
HOI.LINC;  liin^  -  l!l(;i,   INCI...   ACCUMULATED  TO  DECEMBER  31,    Ii)(i2,   SERVICE  AND  DETECTED, 

SKCDKCATKn  HV  liOADS  AND  MILLS. 


]{( >AD.S 

1  1 

\cl 

l_T'- 

\SH 

II.SII 

lith.-i 

W,;l, 

Mas.' 

FAILURE  TOTALS                       | 

KBFs  K.\ul.         1 

EBKs  C 

)niv            i 

In 

Accum. 

Accum. 

1    ..1  I 

l)F 

Hcail 

Mr., ken 

.Jt. 

other 

IV.lal 

1962 

T.I.-.I 

l'i';2 

ALGOMA 

CP 

1 

,-1 

:i;i  , 

2^ 

37.^ 

13 

h4il 

19 

Ill 

11)62 

29'.) 

3 

. 

C»w()  (Sjs.) 

0 

(I 

II 

(1 

1 

0 

0 

0 

0 

1 

0 

0 

lOTAL 

1 

s 

333 

28 

37U 

13 

840 

19 

40 

1  663 

299 

5 

1 

CARNEGIE 

B&O 

II 

2 

0 

1 

7 

0 

2 

1 

I 

14 

3 

0 

II 

B&LE 

(1 

0 

0 

1 

1 

0 

0 

0 

0 

3 

0 

0 

CBS.Q 

II 

1 

0 

0 

2 

0 

0 

II 

0 

3 

0 

0 

0 

Eric-Luck 

II 

II 

0 

0 

(1 

0 

3 

1 

0 

I 

3 

0 

II 

NYNH&H 

2 

1 

0 

0 

n 

0 

0 

0 

0 

3 

1 

2 

0 

NtW 

0 

1)32 

0 

12 

33 

1 

8 

4 

:i 

993 

249 

10 

3 

PRR 

0 

0 

0 

2 

i; 

0 

3 

0 

0 

11 

1 

1 

1 

P&LE 

0 

0 

0 

0 

0 

1 

1 

0 

0 

2 

2 

0 

0 

W.    MiL 

0 

0 

1 

0 

0 

1 

0 

0 

0 

2 

0 

0 

0 

TOTAL 

2 

936 

1 

111 

49 

3 

17 

H 

4 

1037 

262 

13 

4 

COLORADO 

AT&SF 

0 

11 

i; 

u 

7 

0 

29 

13 

3 

69 

24 

3 

0 

CRI&P 

0 

I 

0 

1 

0 

0 

0 

0 

0 

2 

1 

0 

0 

CSiS 

0 

0 

1 

1 

1 

0 

0 

0 

0 

3 

0 

26 

0 

D&RGW 

0 

«4 

4 

23 

3 

1 

4 

0 

0 

99 

23 

0 

0 

GN 

0 

4 

2 

0 

4 

0 

0 

0 

0 

10 

5 

0 

0 

MP  Linus 

V 

0 

2 

0 

0 

0 

2 

0 

0 

4 

0 

0 

0 

NP 

0 

,3 

n 

1 

11 

0 

5 

0 

0 

30 

11 

3 

1 

SP 

0 

173 

43 

HIS 

144 

19 

377 

94 

2 

962 

321 

91 

13 

UP 

0 

1.350 

'J 

45 

157 

1 

19 

12 

2 

1795 

414 

7 

0 

TOTAL 

0 

1810 

75 

179 

327 

21 

436 

119 

7 

2974 

799 

130 

14 

DOMINION 

CP 

0 

3 

41 

3 

44 

1 

5S3 

2 

16 

693 

132 

0 

0 

QNS&L 

0 

72 

31 

110 

55 

29 

3 

18 

2 

322 

53 

0 

0 

TOTAL 

0 

75 

72 

113 

99 

30 

588 

20 

18 

1015 

185 

0 

0 

GARY 

AT&SF 

0 

1 

0 

1 

0 

0 

4 

1 

0 

7 

0 

0 

B&O 

0 

2 

3 

0 

5 

1 

9 

0 

0 

20 

0 

0 

Cartier 

0 

0 

0 

0 

0 

4 

0 

0 

0 

4 

0 

0 

C&O  (Sys.) 

0 

15 

2 

1 

4 

2 

12 

1 

0 

37 

14 

1 

0 

C&NW 

0 

0 

0 

0 

0 

0 

0 

0 

2 

2 

0 

0 

CB&Q 

0 

1 

1 

2 

0 

0 

1 

0 

1 

6 

0 

0 

CMStP&P 

0 

0 

3 

4 

4 

1 

2 

0 

0 

14 

11 

0 

0 

CRI&P 

0 

0 

1 

0 

0 

0 

3 

1 

0 

7 

0 

0 

Erie-Lack 

0 

0 

0 

0 

0 

0 

2 

0 

0 

2 

6 

1 

GTW 

0 

0 

2 

1 

5 

0 

3 

0 

0 

11 

0 

0 

GN 

0 

43 

1 

2 

48 

0 

7 

0 

0 

101 

0 

0 

IC(Sys.) 

0 

3 

1 

0 

6 

2 

10 

1 

1 

24 

1 

0 

LSiN 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

MStP&SStM 

0 

0 

0 

2 

0 

2 

2 

0 

1 

7 

0 

0 

0 

NYC  (Sys.) 

0 

1 

3 

0 

2 

0 

9 

0 

0 

15 

11 

3 

1 

NP 

0 

0 

4 

1 

7 

2 

4 

0 

0 

18 

2 

4 

0 

PRR 

0 

2 

1 

1 

0 

3 

4 

0 

0 

11 

1 

6 

0 

UP 

0 

59 

3 

3 

29 

0 

4 

0 

2 

100 

24 

1 

1 

TOTAL 

0 

127 

25 

18 

110 

17 

79 

4 

7       1       387 

87       1      22 

3 

Rail 


S4'J 


r.\Bi.t 

1.  -  CONTINUED 

ROADS 

TK 
Vtr 

CK 

\SH 

HSH 

Othi  r 

Wi-1) 

Itas.' 

1  Al 

,LHK    1 

ri  ALS 

LBl-s  E 

xcl. 

KHe.-i 

Mil-, 

In. 

A.',  urn. 

A..cuni. 

I  1. 11 

DK 

Head 

Bnik.n 

.Jt. 

Oth.  r 

li.lal 

19(12 

T..U1 

1962 

INLAND 

AT4SF 

u 

u 

2 

0 

u 

0 

0 

1 

1, 

3 

3 

0 

1, 

B*OCT 

u 

U 

0 

0 

0 

(J 

3 

„ 

II 

;i 

1 

0 

II 

C60  (Sys.) 

1 

lu 

2 

I 

2 

1 

17 

II 

1, 

3  1 

16 

0 

0 

CiEI 

0 
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1 

0 
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0 

n 

II 

1 

II 

0 

0 

CiNW 

0 
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0 
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1 

II 

1 
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0 

CBtQ 
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0 
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2 

II 

1) 

0 

II 

:i 

1 

II 

II 

CMSlP&P 

(J 

II 

1 

u 

2 

0 

1 

IJ 

II 

4 

1 

II 

II 

CBI4P 

II 

II 

u 

I 

0 

2 

1 

0 

II 

4 

II 

II 

0 

GTW 

0 

u 

0 

n 

0 

0 

3 

0 

II 

:i 

I 

II 

II 

GN 

0 

10 

1 

0 

0 

0 

II 

1  s 

II 

0 

II 

IC(Svs.) 

0 

0 

2 

2 

4 

1 

4 

1 

II 

1 1 

2 

II 

,, 

MStP&SStM 

0 

I 

0 

1 

(1 

.-, 

4 

n 

II 

1 1 

II 

0 

1, 

MP  Lines 

1) 

0 

1 

0 

n 

1) 

0 

II 

:i 

0 

II 

NYC  (Sys.) 

u 

u 

(I 

0 

0 

0 

1 

11 

II 

1 

1) 

0 

II 

NP 
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u 

0 

0 

2 

1 

2 

11 

II 

1 

0 

0 

PHR 

u 

2 

0 

0 

0 

0 

0 

(1 

II 

- 

0 

0 

1) 

Southern 

0 

IJ 

0 

0 

0 

II 

1 

0 

1) 

1 

1 

0 

0 

UP 

0 

4S 

0 

2 

2 

IJ 

II 

1 

II 

.'.3 

N 

II 

(1 

TOTAL 

1 

71 

3 

9 

19 

10 

3;) 

4 

2 

1G4 

37 

0 

II 

LACKAWANNA 

CP 

u 

0 

1 

0 

2 

0 

i 

0 

4 

, 

0 

0 

1. 

CSiO  (S>s.) 

0 

5 

0 

0 

2 

1 

2 

0 

0 

10 

4 

0 

II 

GTW 

0 

0 

0 

0 

0 

0 

2 

0 

IJ 

2 

0 

0 

0 

GN 

0 

0 

0 

0 

3 

0 

0 

IJ 

I 

U 

0 

0 

0 

LV 

0 

0 

0 

0 

0 

0 

3 

u 

0 

3 

2 

2 

2 

Me.  Cent. 

1 

0 

0 

0 

0 

0 

1 

0 

0 

2 

1 

0 

0 

NYC  (S>s.) 

u 

7 

7 

1 

30 

li5 

J 

17 

;i3 

2 

0 

NP 

u 

u 

0 

0 

1 

u 

2 

0 

II 

3 

0 

1 

II 

TOTAL 

1 

12 

8 

1 

4G 

i; 

2 'J 

2 

22 

127 

14 

.-, 

2 

STEELTON 

ACL 

u 

u 

0 

1 

0 

U 

0 

0 

(1 

1 

0 

0 

II 

BiO 

J 

2 

1 

1 

14 

1 

0 

1 

26 

111 

1 

Ban  i  Aroos 

0 

u 

1 

1 

2 

0 

0 

0 

II 

4 

0 

0 

0 

B&M 

0 

'1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

n 

CiO  (Sys.) 

0 

0 

0 

0 

4 

0 

1 

tt 

1) 

.-, 

1 

0 

0 

DLH 

y 

1 

2 

1 

0 

0 

0 

1 

0 

:, 

0 

0 

0 

GN 

u 

IJ 

1 

1 

0 

0 

0 

0 

0 

2 

0 

0 

II 

JLC 

0 

0 

0 

0 

0 

u 

0 

1 

0 

1 

0 

0 

II 

LI 

0 

IJ 

0 

0 

(1 

0 

1 

0 

II 

1 

0 

0 

0 

NYNHiH 

1 

0 

4 

0 

0 

1 

•.; 

0 

0 

H 

2 

ii 

u 

N&W 

1 

12.", 

2 

3 

1.-. 

0 

.-, 

1 

II 

1  .■,2 

2\l 

i 

0 

PRH 

0 

1 

r. 

0 

4 

2 

2 

1 

0 

1.". 

1 

24 

II 

SAL 

1 

0 

1 

1 

0 

0 

0 

0 

0 

3 

1 

0 

<' 

Southern 

0 

1 

2 

0 

0 

2 

4 

0 

0 

9 

I 

0 

r. 

W.  Md. 

0 

u 

1 

0 

0 

2 

0 

0 

II 

3 

0 

0 

0 

TOTAL 

4 

130 

211 

'J 

39 

1 

20 

4 

I 

23.', 

48 

1 

TENNESSEE 

ACL 

u 

0 

2 

2 

2 

2 

4 

0 

u 

12 

2 

3 

0 

C.  otGa. 

0 

0 

0 

1 

0 

10 

0 

0 

0 

11 

0 

0 

0 

IC  (Sys. ) 

0 

10 

3 

1 

7 

II 

I 

0 

0 

22 

» 

2 

1) 

LtN 

IJ 

17 

Hi 

4 

7 

2 

26 

10 

1 

83 

11 

10 

(1 

MP  Unea 

0 

0 

1 

0 

0 

0 

U 

0 

0 

1 

0 

1 

0 

StLSF 

0 

0 

1 

3 

u 

A 

0 

0 

0 

HI 

1 

0 

0 

SAL 

0 

2 

4 

2 

1 

2 

0 

0 

0 

1  1 

4 

0 

0 

SPCo.   (S>9.) 

0 

0 

1 

3 

1 

0 

;, 

0 

0 

10 

0 

II 

Southern 

0 

l>. 

13 

4 

;, 

3,'i 

0 

0 

7« 

III 

II 

TOTAL 

0 

.14 

44 

29 

22 

27 

71 

10 

1 

239 

71 

23 

o 

ALL  MILLS 

9 

3203 

519 

4O.0 

1090 

135 

2119 

lis 

102 

7840 

1802 

244 

■;.. 
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TABLE  7 

RAIL  FAILURES  IN  THE  WEB  WITHIN  THE  JOINT  BAR  LIMITS  FOUND  IN  1962 

ON  RAIL  OF  100  LB.   AND  ALL  HEAVIER  SECTIONS 


Rail  R 

uUed  Previous  to 

1937 

Rail  Ro 

led  in  1937  and  After 

Joints  Inspected  with  Defect 
Detecting  Instruments 

Detected  h 

allures 

Service  Failures 

Detected  Failures  | 

Service  Failures  | 

Railn.aii 

Bult  Hole 

Other 

B<.lt  Hole 

Other 

Bolt  Hole 

Other 

Bolt  Hole 

Otlier 

ATiiSF 

34 

52 

14 

u 

395 

344 

136 

0 

3,035,291 

ACL 

226 

233 

86 

120 

245 

229 

54 

32 

18,630 

B&O 

7  34 

20 

956 

87 

17 

3 

S3 

7 

0 

B&OCT 

0 

0 

3 

2 

0 

1 

II 

2 

- 

Pan  &  An.us 

7 

2 

0 

1 

4 

0 

II 

II 

- 

B&LE 

0 

0 

0 

0 

0 

n 

0 

II 

- 

B&M 

94 

34 

37 

8 

5 

2 

5 

3 

391,200 

GP 

224 

87 

45 

8 

605 

47  6 

289 

117 

2,300,320 

Cartier 

0 

0 

0 

0 

0 

u 

II 

II 

- 

C  ol  G 

3 

2 

0 

0 

179 

102 

II 

II 

- 

CSiO  (Svs.) 

41 

25 

39 

13 

57 

1611 

12 

4 

975,2Jii 

C&EI 

2 

0 

22 

2 

2 

0 

31 

3 

0 

C&NW 

7  36 

131 

405 

56 

177 

91 

204 

62 

1,640,529 

cn&Q 

44 

2 

124 

1 

16 

3 

496 

179 

57K,268 

aki. 

19 

0 

40 

4 

1 

II 

4 

1 

7  8,550 

CMStP&P 

444 

7 

140 

9 

40 

10 

29 

II 

510,386 

CRIi;  P 

41 

13 

92 

93 

79 

48 

119 

67 

- 

c&s 

1 

0 

1 

0 

II 

II 

II 

II 

- 

D*^H 

11 

II 

11 

0 

7 

II 

2 

0 

279,450 

D&RGW 

14 

6 

9 

23 

4b 

6 

16 

282.150 

Erie -Lack 

33 

14 

33 

39 

16 

is 

22 

35 

538,807 

GTW 

11 

(1 

1U5 

0 

29 

0 

s 

il 

188,126 

UN 

19 

II 

17 

0 

186 

0 

8!> 

0 

161,252 

IC 

7 

4 

27 

9 

49 

77 

74 

39 

154,623 

JCL 

65 

UO 

4 

4 

7 

4 

0 

0 

207,044 

KCS 

0 

1 

0 

1 

4 

13 

1 

4 

0 

L&HK 

10 

0 

24 

0 

8 

0 

15 

0 

9,600 

L\- 

30 

2 

32 

3 

3 

1 

3 

2 

32, 000 

LI 

42 

29 

40 

0 

4 

II 

0 

II 

- 

L&N 

373 

399 

158 

0 

366 

»1 

98 

0 

417,821 

Mf.Cint. 

28 

I 

16 

10 

0 

0 

2 

(I 

- 

MStl'&SStM 

140 

0 

39 

n 

35 

II 

45 

II 

2,166 

MKT 

u 

0 

0 

0 

27 

13 

0 

0 

- 

MP  Lines 

2 

8 

3 

12 

19 

51 

32 

46 

- 

NYC  (Sys) 

396 

301 

194 

41 

1,936 

67  5 

208 

114 

1,895,266 

NYNH&H 

0 

7 

20 

128 

13 

311 

0 

44 

- 

N&W 

13 

5 

0 

0 

15 

6 

5 

1 

- 

NP 

6 

0 

157 

35 

5 

II 

315 

293 

- 

PRR 

645 

180 

2,280 

291 

620 

456 

253 

121 

1,330,972 

P&LE 

1 

0 

0 

0 

28 

0 

3 

0 

96,825 

QNS&L 

0 

0 

0 

0 

1 

11 

1) 

0 

95,392 

ReadinR 

0 

0 

7 

0 

0 

II 

0 

0 

- 

RF&P 

1 

0 

0 

0 

11 

20 

0 

0 

- 

StL-SF 

38 

284 

63 

361 

17 

15 

54 

203 

52,970 

SAL 

27 

8 

31 

8 

17 

16 

49 

4 

- 

SfJUthtrn 

592 

325 

0 

0 

571 

592 

0 

11 

2,870,721 

SP 

11 

3 

53 

50 

893 

190 

21 1> 

277 

484,876 

UP 

103 

194 

0 

0 

183 

166 

10 

5 

- 

W.    M<1. 

3 

0 

0 

0 

13 

8 

1 

3 

- 

Totals 

5,271 

2,438 

5,324 

1,405 

8,928 

4,230 

2,967 

1,634 

18,628,525 

Rail 


551 


< 

~< 

a 

. 

Q 

-' 

w 

a 

^ 

w 

o 

u 

o 

o 

n 

u 

~A 

o 

a 

o 

z  d 


•a 

1 

O    t*     C«J 

-1  to  » 

(N     M    I- 

;!? 

^ 

_ 

ca 

., 

2 

C-) 

1 

.-o 

-r 

.- 

ai 

S.S 

- 

5 

'- 

oi 

;i  ^ 

-  .- 

T 

^ 

5 

^ 

^     <N 

-^ 

a-. 

^ 

- 

- 

■J 

3 

r^     (N 

- 

T 

^; 

M 

r^ 

- 

- 

^ 

n 

'I' 

- 

rt     - 

Z 

—    ii 

5 

5  5  cS 

<a 

- 

-2    O 

IN 

0) 

S        -1 

c1 

:1     -J 

2 

^ 

J3              rt 
-1             n 

M 

:7i 

->  i3  ^ 

rt 
n 

Ti 

00 

rl 

£ 

^ 

2 

ji 

- 

-r   r: 

2 

Si 

r 

r!    ^ 

5 

• 

- 

,:; 

^ 

S 

<  'J  6 

3 

Q  -3  S 

lis 

-J  55  H 

-1 
< 

s 

e  2. 


K    a 

3  i: 


05  H 

<  -^ 


e>5 


e  H 


Z  5         = 


552 


Rail 


TABLE  9 
WELDED  ENGINE  BURNS  y\ND  FAILURES 


Engine  Burns 

Burns 

Failed  Welded 

Welded  Prior 

Welded 

Engine  Bums 

Railroad 

To  19G2 

In  1962 

During  1962 

AT&SF 

113, 58G 

1,688 

0 

B&O 

4,791 

1,193 

4 

C&O 

48,141 

1,241 

0 

C&NW 

1G,727 

1,458 

2 

D&H 

8,017 

126 

3 

EJ&E 

56,434 

9,520 

0 

IC 

43,995 

7,987 

0 

PRR 

337,285 

38,709 

9 

RF&P 

17,941 

0 

0 

StL-SF 

3,735 

273 

2 

SAL 

23,647 

3,118 

0 

Southern  (West.  Div.) 

145,591 

Did  Not  Report 
Discontinued  Keeping  Tliis 

SP 

2,109 

Information 

Total 

821,999 

65,313 

20 

Report  on  Assignment  4 

Rail   End   Batter;   Causes  and   Remedies 

R.  C.  Pcstels  (chairman,  subcommittee),  J.  M.  Bentham,  G.  V.  Beganv,  B.  Bristow, 
R.  M.  Brown,  J.  A.  Bunjer,  R.  E.  Catlett,  Jr.,  M.  W.  Clark,  W.  J.  Cruse,  F.  L. 
Etchison,  O.  E.  Fort,  J.  H.  Greason,  C.  C.  Herrick,  K.  K.  Kessler,  H.  R.  Moore, 
J.  S.  Parsons,  G.  C.  Payne,  R.  B.  Rhode,  J.  G.  Roney,  A.  P.  Talbot,  V.  R.  Terrill, 
D.  J.  White,  C.  E.  Weller. 

During  the  investigation  of  various  welding  methods  used  in  the  railroad  industry 
(see  Report  ER-32),  it  was  found  that  the  Hobert  semiautomatic  inert-gas-shielded 
wire  feed  with  a  Heliarc  HW  II  welding  gun  produced  a  superior  weld.  These  welds 
had  a  BHN  range  of  627-653  with  a  maximum  batter  of  O.OOS  to  0.025  in  at  5,000,000 
cycles.  This  was  of  interest  to  the  New  York  Central  System  and  further  development 
work  on  this  phase  was  undertaken. 

At  the  request  of  C.  C.  Herrick,  engineer  of  track  maintenance  of  the  NYC  System, 
four  rail  joints  of  131  RE  section  with  a  0.040-in  batter  were  welded,  using  the  semi- 
automatic wire  feed  method  with  a  modified  4560  wire  electrode.  The  gas  shielding  was 
eliminated.  A  700  F  preheat  and  a  1100  F  post  heat  were  produced  with  a  propane  heater. 
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TABIE  1 

ROLLING  LOAD  TEST  RESULTS 

OF  WELDED  END  BATTERED  RAIL  JOINTS 

- 

Rail 

Batter 

* 
Cycles  to  failure 

Joint 

Distajice  from 

End  in 

Inches 

at 
30,000  lb.  Wheel 
Load 

No. 

1 

1/2 

1/4 

1/4 

1/2 

1 

69  A 

.002 

.005 

.005 

.002 

.004 

.006 

1,000,000 

(L  +  R46) 

.  00,-) 

.007 

.008 

.004 

.007 

.008 

2,000,500 

.005 

.007 

.008 

.005 

.009 

.008 

3,000,000 

.OOG 

.008 

.009 

.005 

.009 

.008 

4,000,000 

.006 

.008 

.010 

.006 

.010 

.008 

5,000,000 

69  B 

.001 

.003 

.002 

.002 

.002 

.002 

1,000,000 

(L  +  R7) 

.004 

.006 

.006 

.007 

.006 

.006 

2,000,300 

.006 

.009 

.009 

.012 

.008 

.011 

3,009,900 

.006 

.009 

.010 

.015 

.009 

.012 

4,000,000 

.006 

.009 

.012 

.017 

.011 

.012 

4,243,100 
(Stopped  a/c  ex- 
cessive spal.) 

69  C 

.001 

.002 

.001 

.009 

.008 

.003 

992,400 

(L  +  R45) 

.002 

.004 

.004 

.012 

.011 

.004 

2,000,100 

.003 

.005 

.006 

.014 

.013 

.005 

3,000,000 

.004 

.007 

.014 

.016 

.013 

.006 

4,000,000 

.005 

.008 

.014 

.016 

.013 

.006 

5,000,000 

69  D 

.000 

.000 

.002 

.009 

.006 

.003 

1,000,000 

(L  +  R35) 

.002 

.003 

.005 

.015 

.013 

.006 

2,004,100 

.007 

.007 

.010 

.018 

.016 

.009 

2,759,900 
(Stopped  a/c  ex- 
cessive spal.) 

5,000,000  cycles  at  less  than  a  .040"  batter  is  a  run  out. 


These  rail  joints  numbered  69  \,  B,  C,  D,  were  subjected  to  roIlinK-luad  tests  at 
the  .A.^R  Research  Center.  The  investigation  has  been  carried  on  under  the  direction 
of  G.  M.  Ma^ee,  director  of  cnp;incerinK  research  and  by  Kurt  Kannowski,  metallurgical 
engineer.  The  12-in  stroke  rolling-load  machines  were  used.  The  joint  assembly  was  set 
on  a  1 -in-thick  board  supporting  the  entire  joint.  A  .W.OOO-lb  wheel  load  was  applied. 
From  previous  experience  5,000,000  cycles  of  this  load  application  without  producing 
0.040  in  of  batter  at  a  point  J4  in  irom  the  rail  end  has  been  considered  a  run  out. 
It  has  been  found  that  the  rolling-load  machines  will  not  operate  efficiently  after  the 
joint  has  0.040  in  batter.  An  initial  profile  is  obtained  on  each  joint  using  a  .straight  edge 
and  an  .-Vmes  dial.  This  procedure  is  then  repeated  every  1,000,000  cycles  and  at  the 
end  of  the  test.  The  end  of  the  test  may  be  either  5,000,000  cycles,  failure  due  to  spalling 
or  0.040  in  batter. 
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TABIE  2 

HAKDNESS  SURVEY  OF  RAIL  END  BATTER  JOINTS 

HARDNESS  READING  IN  BHN,   3000  Kg  LOAD 


Wold  t.    -1   ,:■     , 

Rail  End 


Joint  Rail  l-;nd  Weld         Work  Hardened  Weld          Woi'k  Hardened                   "R" 

No. ';^  Metal  Weld  Metal  Metal  Weld  Metal 

69  A  300  495                      516  396                        481                               289 
(L  +  R  46) 

69  B  30(1  564                      573  481                         512                               293 

(L+  R7)  Spalled  End 

69  C  300  502                      560  387                         541                               302 
(L  +  R45) 

69  D  302  564                      600  467                         582                               300 
(L  +  R35)                                                     Spalled  End 


Table  1  shows  the  results  of  the  rolling-load  tests  of  the  four  rail  joint  assemblies, 
built  up  with  Haynes  Stellite  modified  4560  wire  electrode.  It  can  be  noted  that  the 
batter  ranged  from  0.006  in  to  0.016  in  on  joints  69  A  and  69  C  that  ran  to  5,000,000 
cycles.  The  BHN  survey  shown  on  Table  2  gives  the  hardness  obtained  on  a  standard 
BHN  tester  on  the  parent  rail  metal  that  was  work  hardened  and  on  the  weld  metal 
before  and  after  work  hardening.  Even  though  there  is  not  sufficient  data,  a  trend  can 
be  noted.  The  spalled  rail  ends  had  a  BHN  range  of  481-564  before  work  hardening 
and  512-600  after  work  hardening.  The  rail  ends  that  ran  to  5,000,000  cycles  had  a 
BHN  range  of  .587-502  before  work  hardening  and  481-560  after  work  hardening. 

The  photographs  on  Figs.  1-4  show  the  running  surface  of  the  rail  ends  after  the 
rolling-load  tests.  The  effect  of  the  porosity  due  to  alloy  burn-out  can  be  noted  as  a 
factor  in  the  spalHng.  It  can  also  be  noted  that  the  spalling  occurred  about  1^/2  in  away 
from  the   rail  ends  where  the  porosity  is  the  heaviest. 

It  is  of  interest  to  note  from  this  report  that  the  rail  ends  with  a  weld  metal  hard- 
ness of  481-560  BHN  had  a  batter  of  0.006-0.016  in  after  5,000,000  cycles,  whereas  the 
rail  ends  with  a  BHN  of  512-600  along  with  the  porosity  showed  a  tendency  to 
spall  out. 

The  above  welding  technique  has  been  apphed  on  the  NYC  System,  and  a  service 
test  of  this  welding  on  the  main  line  near  Buffalo,  N.  Y.,  and  another  near  Toledo, 
Ohio,  are  under  observation. 

The  service  test  near  Toledo  is  at  Clay  City,  Ohio,  at  M.P.  277.  Three  rail  joints 
on  the  north  rail  and  three  rail  joints  on  the  south  rail  were  selected.  The  batter  was 
measured  with  a  44-in  profile  bar  and  an  Ames  dial.  The  readings  were  obtained  before 
welding  and  after  welding  and  grinding  on  February  26,  1963.  In  order  to  obtain  a 
more  even  profile,  further  readings  were  obtained  on  July  10,  1963,  showing  a  very 
smooth  profile.  It  was  noted  during  the  in.spection  on  this  date  that  no  defects  in  the 
welds  had  developed. 
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Report  on  Assignment  5 

Economic  Value  of  Various  Sizes  of  Rail 

C.  E.  Weller  (chairman,  subcommittee),  W.  D.  Almv,  S.  H.  Barlow,  H.  B.  Berkshire, 
J.  A.  Bunjer,  T.  F.  Burris,  M.  W.  Clark,  J.  t.  Collinson,  W.  J.  Cruse,  D.  T. 
Faries,  O.  E.  Fort,  J.  H.  Grcason,  Jr.,  C.  E.  R.  Haight,  V.  E.  Hail,  J.  C.  Jacobs, 
R.  R.  Lawton,  F.  R.  Micheal,  H.  R.  Moore,  C.  F.  Parvin,  R.  H.  Patterson,  R.  C. 
Postels,  H.  F.  Smith,  G.  L.  Todd. 

Your  committee  submits  the  followinfi  report  as  information.  It  is  a  continuation 
of  Study  "A"  reflecting  chanfies  in  the  test  mileage  and  computed  to  show  averages  for 
20  years.  The  labor  and  material  averages  are  computed  to  compensate  for  the  decrease 
in  track  mileage.  This  is  the  final  report  of  the  study,  as  the  remaining  l.H-lb  rail  in 
the  test  section  will  probably  be  removed  in  1964. 


Study  A 

Result  of  Study  of  Illinois  Central  Railroad  Nortiivi'ard  Tr.ack,  Mattoon,  III. 
TO  Savoy,  III.,  Test  Sections  of  112-lb  and  1.51 -lb  Rail 


lU'-Lh  Rail 

131-Lh  Rail 

MP  152.24-172.00  laid  in  1942  and  1943 

MP  132.00-152.24  laid  in  1944 

OriKJnal  te.st  included: 

Original  test  included: 

19.70  track  miles 

20.24   track  miles 

18         turnouts 

21          turnouts 

1          railroad  rros.sing 

.3         railroad  crassings 

22          public  road  cro.s.sing.s 

22         public  road  crossings 

2         private  grade  crossing-s 

(i         private  grade  crossing.s 

24-in  joint  bars 

3()-in  joint  bars 

Changes  in  rail  mileage: 

Change.s  in  rail  mileage: 

19.50— MP  l.-)2.09-ir)2.24  laid  in  ll.Vlb. 

1950--MP  152.09-152.24  lai<l  in  11.5-lb, 

0.15  miles  added  to  test. 

0.15  miles  dropped  from  test. 

19.52— MP  1.55.87-1<;0..52  relaid  in  1.32-lb. 

Ut(;0— MP  142.82-152.09  laid  in  132-lb, 

4.()5  miles  dropped  from  test. 

9.27  miles  dropped  from  test. 

195.3— MP  l(iO..-)2   iiv.i.r,:,  relaid  in  132-11>. 

10.82  miles  remaining  in  test  section. 

3.03  miles  dropped  from  test. 

1954— MP  152.09-1.55.87  relaid  in  132-lb, 

Hal.iiice  of  131-lb  rail  to  be  removed  in   ]'.li\\ 

3.78  miles  dropped  from  test. 

195(i— MP  170.79-172.00  relaid  in  132-lb, 

1.21  miles  dropped  from  te.st. 

1957— MP  1 70.79- ira. 55  relai.l  in  132-lb. 

7.24  miles  dropped  from  t<>st  (completing 

removal  of  112-11)  rail). 

.158 
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Average  Annual  Traffic  Density— 25,000,000  gross  tons 
Comparison  of  the  Two  Sections  Cost  of  Investment — 1944  Prices 


Item 

Investment  Charges 

Per  Mile 

m-Lb 

1  Si-Lb 

Gross  cost — rail  and  other  track  material 

Less  estimated  salvage 

$12,643 
Cr.      4,284 

Cr 

$14,413 
5,011 

Net  cost — rail  and  other  track  material 

$  8.359 
1.338 

$  9.402 
1,473 

S  9.697 
1.5  years 

$       557 

89 
839 

$10,875 

20  years 

$       470 

labor  to  lay 

interest  at  6%* 

74 
953 

$  1,485 

$   1.497 

*On  gross  outlay  for  labor  and  material. 


Maintenance  Labor  and  Material 


II  ^-Lh 

131 -Lb 

Mile>, 

Miles 

Year 

Main- 

Man- 

C'rosx 

Cu  Yd 

Year 

Main- 

Man- 

Cross 

Cu  Yd 

tained 

Hours 

Ties 

BaUaat 

tained 

Hours 

Ties 

Ballast 

1943        

19.7fi 
19.76 
19.76 
19.76 

2,480 
413 
701 

1  ,  166 

716 

5 

230 

416 

628 

17 

251 

579 

1944 

1945.      

1946 

20.24 
20.24 
20.24 

2,606 
131 
370 

1,065 
0 
5 

1944        

647 

1945       

30 

1946^. 

114 

1947 

19.76 

645 

208 

273 

1947 

20.24 

748 

172 

.301 

1948 

19.76 

1.005 

186 

294 

1948 

20.24 

245 

38 

185 

1949-      -            - 

19.76 

1 ,  .574 

541 

423 

1949 

20.24 

670 

10 

116 

19.50            _      ^ 

19.91 

694 

174 

1.59 

19.50 

20.09 

1.642 

402 

323 

1951 

19.91 

667 

48 

193 

1951 

20.09 

614 

59 

52 

1952.             

15.26 

748 

30 

140 

1952 

20.09 

1.144 

62 

304 

1953 

12.23 

1.110 

91 

292 

1953 

20.09 

1,089 

1.39 

120 

1954. 

8.45 

.543 

44 

83 

19.54 

20.09 

392 

0 

21 

19.55 

8.45 

239 

32 

159 

19.55 

20.09 

631 

91 

64 

19.50 

7.24 

401 

8 

0 

1956 

20.09 

.535 

10 

52 

1957     

7.24 

274 
12.660 

40 
2,775 

0 
3,491 

19.57 

1958 

20.09 
20.09 

394 
242 

0 

78 

0 

Total  15  years  . 

214 

1959 

20.09 

53 

0 

0 

1960 

10.82 

97 

26 

0 

1961 

10.82 

448 

314 

200 

1962 

10.82 

205 

14 

11 

1963 

10.82 

157 

0 

0 

Total  20  years  . 

12,413 

2,485 

2,754 
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Average  of  IS  Years  for  112  Lb  and  20  Years  for  131  Lb  Rail 


*Avf;rage  prices  194.3-190.3. 


lU-Lh 

l.it-U. 

Satinf/H  hu    Uxe  of 
ISl-U, 

Charge 

Percent 

Charge 

Percent 

Charge 

Percent 

Man-hours 

Cost  at  $1.25* 

844 
« 1.0.55 

185 
$     014 

233 
$     233 

.50 
32 
12 

021 
$     770 

124 
$     412 

138 
$     138 

58 
31 
11 

223 
$279 

01 
$202 

95 
$  95 

48 

Cost  at  $3.32* 

BaUa.st  (stone  and  slag)  Cu  Yd 

Cost  at  $1.00* 

35 
17 

Total  maintenance. 

$1,902 

$1,485 
$3.. 387 

100 

$1,320 

$1,497 
$2,823 

100 

$.570 

$   12Cr. 
$.5f.4 

Percent .  . 

Investment  charges 

lOT 

Total  cost   .  _    . .    , 

Percent ,    . . 

lii.O 

SUMMARY 

The  greater  savings  realized  through  the  use  of  131 -lb  rail  have  been  in  labor  and 
cross  ties,  partially  due  to  the  use  of  longer  joint  bars,  larger  tie  plates,  and  greater 
rail  rigidity. 

Similar  maintenance  standards  have  been  practiced  on  both  test  .sections. 


Report  on  Assignment  6 

Joint    Bars:    Design,    Specifications,    Service    Tests, 
Including  Insulated  Joints  and  Compromise  Joints 

Embert  Osland  (chairman,  subcommittee),  G.  V.  Begany,  Jr.,  J.  M.  Bentham.  H.  B. 
Berkshire,  R.  M.  Brown,  J.  A.  Bunjer,  R.  E.  Catlett.  Jr..  C.  O.  Conatser.  L.  S. 
Crane,  W.  J.  Cruse,  O.  E.  Fort,  C.  J.  Henry.  H.  W.  Jenkins,  K.  K.  Kessler.  Ray 
McBrian,  B.  M.  Monaghan.  R.  H.  Patterson.  J.  G.  Ronev,  D.  H.  Shoemaker, 
A.  P.  Talbot,  D.  J.  White,  H.  M.  Williamson. 

Since  the  present  rail  will  be  continued  in  track  on  both  the  Chicago  &  North 
Western  Railway  and  the  Atchison,  Topeka  &  Santa  Fe  Railway  where  installations  of 
various  rail  joints  are  undergoing  service  tests,  no  report  on  these  installations  is 
presented  this  year.  Another  year's  service  should  produce  more  conclusive  results. 

The  second  progress  report  on  insulated  rail  joint  development  and  research  carried 
on  by  the  AAR  Research  Center,  which  deals  primarily  with  design  theor\-  and  labora- 
tory tests,  is  presented  below  as  Appendix  6-a. 
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Appendix  6-a 

Insulated    Rail    Joint    Development    and    Research — 
Second    Progress    Report 

A.  ACKNOWLEDGEMENT 

The  development  and  testing  of  insulated  joints  has  been  carried  on  by  the  Asso- 
ciation of  American  Railroads  research  staff  as  part  of  the  activities  of  the  Research 
Center,  W.  M.  Keller,  vice  president — research,  and  under  Subcommittee  6  of  Com- 
mittee 4 — Rail,  Embert  Osland,  chairman,  subcommittee.  The  program  is  under  the 
general  direction  of  G.  M.  Magee,  director  of  engineering  research.  The  research  work, 
designing,  testing  and  preparation  of  reports  are  the  direct  responsibility  of  Randon 
Ferguson,  electrical  engineer. 

B.  RESUME 

The  work  on  the  insulated  rail  joints  used  to  provide  electrical  insulation  between 
signal  sections  on  railroad  track  was  started  at  the  request  of  a  number  of  signal  and 
maintenance  engineers.  These  men  felt  that  the  joints  in  use  make  necessary  an  undue 
amount  of  maintenance,  both  of  the  support  at  the  joint  and  of  the  joint  itself,  the 
latter  principally  due  to  the  need  of  dismantling  the  joint  and  changing  the  insulation 
components.  Work  on  this  project  has  been  carried  on  since  1950  on  various  types  of 
joints.  Progress  has  been  slow  because  of  difficulties  in  getting  designs  fabricated. 

The  designs  developed  by  the  AAR  are  now  being  made  under  the  trade  name 
Vulcabond  by  the  Johnson  Rubber  Company.  Fiber  glass  joints  of  various  types  have 
been  furnished  for  testing  by  the  Molded  Fiber  Glass  Body  Company,  Permali,  Inc., 
and  Minnesota  Mining  and  Manufacturing  Co.  Report  ER-9,  "Insulated  Rail  Joint 
Development  and  Research,"  was  issued  in  March  1961  and  an  extended  abstract  pub- 
lished in  Vol.  63,  1962,  page  1,  of  the  American  Railway  Engineering  Association  Pro- 
ceedings. This  report  discussed  the  objectives  of  the  work  and  principles  of  the  problem 
and  covered  laboratory  tests  made  to  that  date  and  the  experience  of  eight  service 
test  joints.  This  report  will  review  some  of  the  fundamentals  of  the  problem  and  the 
tests  subequent  to  the  above  report. 

A  rail  joint  of  any  type  gives  a  discontinuity  in  the  ilexural  action  of  the  rail  due 
to  the  reduction  in  stiffness  of  the  rail  near  the  rail  ends  due  to  the  lesser  stiffness  of  the 
joint  bars.  This  reduced  stiffness  increases  the  load  carried  by  the  ties  at  the  rail  ends 
and  is  the  source  of  the  greater  maintenance  at  the  joint.  To  achieve  the  objective  of 
decreasing  this  maintenance  the  joint  must  be  made  as  nearly  as  strong  and  stiff  as  the 
rail  as  possible,  and  movements  between  the  parts  kept  to  a  minimum.  Use  of  a  material 
such  as  fiber  glass  for  the  joint,  which  has  a  modulus  of  elasticity  only  1/10  to  1/6  of 
that  of  steel  greatly  increases  the  deflection  and  increases  the  tie  loadings,  thus  defeating 
the  original  objective.  The  impression  of  some  that  a  flexible  unit  is  needed  to  follow 
the  "wave  action"  of  the  rail  is  a  misconception  of  the  mechanics  of  the  action  of  the 
track  structure.  The  flexural  stiffness  of  the  rail  distributes  the  load  along  the  track; 
the  greater  the  stiffness  the  greater  will  be  the  distance  over  which  this  load  is  distributed 
and  the  less  the  load  will  be  on  the  ties  at  the  point  of  appHcation  of  the  load.  In  com- 
paring the  various  laboratory  joint  tests  reported  in  the  following,  it  should  be  borne 
in  mind  that  an  important  basis  of  comparison  is  the  deflection.  The  measured  deflection 
of  a  full  132-lb  rail  over  a  36-in  span  was  0.024  in,  and  this  value  should  be  kept  in 
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mind  in  cvalualinf;  the  relative  stiffness  of  the  various  joints.  This  measured  value  checks 
closely  with  the  calculated  value  if  the  effect  of  shear  deflection  is  considered. 

Numerous  field  and  laboratory  tests  under  static  and  dynamic  conditions  on  rail 
joints'  have  indicated  that  rcRular  rail  joints  carr\'  about  SO  to  80  percent  of  the 
moment  found  in  the  full  rail,  depending  on  the  condition  of  the  joint  and  the  support. 
The  vertical  stiffness  as  represented  by  the  vertical  moment  of  inertia  of  the  two  joint 
bars  is  generally  less  than  40  percent  of  the  stiffness  of  the  rail  section  and  this  lesser 
stiffness  is  the  source  of  the  greater  deflections  and  heavier  tie  loadings  found  near  the 
rail  ends. 

Another  important  objective  in  developing  a  better  insulated  joint  has  been  to  sim- 
plify the  construction.  A  multiplicity  of  parts  causes  difficulty  in  getting  proper  fit, 
complicates  assembly,  introduces  play  and  movement  between  the  parts,  gives  individual 
action  of  the  parts  rather  than  integral  action,  and  provides  extra  surfaces  at  which 
wear  and  corrosion  can  occur.  This  last  objective  has  been  achieved  in  the  type  of  joint 
such  as  the  AAR  design  and  fiber  glass  joints  where  the  number  of  parts  has  been 
reduced  from  ?>^  to  7,  not  including  the  bolts  and  nuts. 

The  AAR  design,  in  which  the  joint  bar,  insulation,  armor  and  thimbles  are  all 
molded  and  bonded  into  an  integral  unit,  has  a  number  of  other  advantages  as  discussed 
in  the  above-mentioned  report  and  are  briefly  restated  here,  as  follows: 

1.  The  high   modulus  of  steel  to  keep  the  deflection  to  a  minimum. 

2.  Integral  construction  of  the  bars  and  insulation  for  reduction  of  movements 
and  play.  Standard  rolled  sections  are  used  to  reduce  costs  for  bars  and  tie 
plates. 

3.  Steel  armor  bonded  to  insulation  takes  the  abrasive  forces  and  distributes 
bearing  pressures  over  greater  areas. 

4.  Armor  and  rubber  protect  the  bars  from  the  "notching"  action  of  the  rail 
ends   to   give   better   fatigue   life. 

The  original  design  with  the  bushings  or  thimbles  integral  with  the  insulating 
washer  plate  was  modified  to  make  the  washer  plate  and  bushings  integral  with  the 
joint  bar.  The  ring-type  design  of  the  bushing  was  later  strengthened  by  making  a  solid 
block  of  rubber  surround  the  bushing.  A  cross  section  of  this  latest  construction  is 
shown  in  Fig.  1.  Xo  breakage  of  this  type  of  bushing  has  been  reported.  The  insulated 
tie  plate,  two  of  which  are  normally  supplied  with  each  joint,  is  not  shown  in  this 
cross  section.  The  plates  are  required  to  prevent  electrical  bridging  when  the  rail  ends 
come  over  a  tie  plate.  Like  the  joint,  the  insulated  plate  is  made  from  a  standard 
rolled  tie  plate  for  l5S-lb  rail,  and  the  rubber  insulation  fills  the  additional  width  rela- 
tive to  the  smaller  rail  size.  A  view  of  an  AAR  joint  in  a  33-in-stroke  rolling-load 
machine  is  shown  in  Fig.  2.  A  load  of  44,400  lb  normally  used  in  the  tests  at  the  middle 
of  the  36-in  span  on  this  machine  gives  400,000  in-lb  moment,  an  amount  occasionally 
found  in  track.  At  one  end  of  the  stroke  this  moment  is  reversed,  giving  a  200,000  in-lb 
negative  moment.  This  type  of  test  has  been  used  for  many  years  in  testing  rail  and 
regular  joint  bars  and  found  to  give  results  representative  of  the  flcxural  action  in  track. 
A  value  of  2,000,000  cycles  (a  complete  stroke  back  and  forth  is  one  cycle)  has  been 
considered  a  "runout"  test  indicating  that  there  will  be  no  failure  from  flexure  of  the 
part  in  the  ordinary  service  life.  If  the  machine  runs  about  16  hr  per  day,  about  80 
working  days  are  required  to  obtain  this  number  of  cycles. 

1  Fifth  and  .Sixth  ProRress  Rcport.s,  Special  Committee  on  Stresses  in  Railroad  Track,  American 
Railway   Engineering  Association,   Vol.   31,    1930,  and  Vol.  35,    1934,   respectively. 
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Fig.   1 — Cross  sections  of  an  assembled  AAR-type  insulated  joint 
and  of  an  individual  joint  bar. 
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Fig-  2 — AAR   joint  under  test  in  rolling-load  machine. 


C.   LABORATORY  TESTS 
1.  Tests  of  AAR  Joints 

A  listing  of  all  the  laboratory  tests  made  on  the  AAR  joints  and  the  fiber  slass 
joints  is  shown  in  Table  1.  There  is  seme  repetition  in  the  table  of  data  discussed  in 
the  first  report,  but  that  is  included  for  the  sake  of  completeness  in  one  location.  Some 
comments  in  regard  to  the  results  of  these  tests  will  be  informative  as  to  the  effect 
of  various  factors.  Tests  on  some  continuous-type  joints  with  new  types  of  insulation 
were  discussed  in  the  previous  report  and  not  given  in  the  table. 

It  may  be  noted  that  three  .AAR  joints  ran  out  to  2,000,000  cycles,  joints  3-1,  i-2 
and  3-7,  and  were  in  serviceable  condition  at  the  end  of  the  test.  Joint  i-2  had  an 
easement  at  the  top  center  which  appeared  to  be  beneficial  but,  such  an  easement  has 
been  found  to  be  difficult  to  put  in  the  bar  because  of  manufacturing  difficulties.  The 
bars  of  this  joint  were  also  shot  peened,  a  process  which  is  probably  too  expensive  for 
general  use.  It  is  important  to  have  the  bars  fit  properly.  Test  3-5  and  3-6  had  the 
bars  cocked,  and  the  armor  started  to  cur!  up  in  a  relatively  few  cycles,  so  the  test 
was  discontinued.  The  cocking  was  probably  due  to  the  bars  being  too  high  in  fishing 
height.  Some  of  the  tests  were  with  thimbles  molded  in  the  bars,  but  since  the  loading 
does  not  introduce  appreciable  longitudinal  forces,  the  laboratory  test  on  this  factor  is 
not  conclusive.  It  was  found  important  to  have  the  rubber  hard  enough  to  support  the 
compressive  loads  without  undue  How.  Test  3-13  gave  poor  results  because  the  rubber 
hardness  was  60D  to  70D  rather  than  85D  which  was  obtained  in  the  bars  that  had 
the  2,000,000  cycle  runout. 
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A  joint  was  tested  with  500,000  in-lb  moment  (55,500-11)  load)  to  sec  if  an  accel- 
erated test  would  {live  nood  information.  The  lime  to  ijuiJd  up  the  cycles  required  for 
failure  is  considerable  with  lower  loads.  The  joint  (.^-0)  ran  to  718,800  cycles.  More 
tests  will  be  necessary  to  evaluate  the  suitability  of  this  load. 

Since  most  of  the  tests  had  indicated  the  top  armor  was  highly  stressed  at  the 
midlength,  a  heavier  gage  material  is  now  being  used,  being  increased  from  0.06  to 
0.09  in  thickness.  This  appears  to  be  beneficial,  but  the  results  have  been  complicated 
by  other  factors  (see  3-11,  3-12,  3-13),  such  as  soft  rubber  and  a  reduced  width  of  the 
armor.  Tests  now  underway  (3-16  and  3-17)  will  give  a  better  evaluation  of  this 
armor  factor.  These  two  tests  also  represent  two  molding  processes,  pressure  and  injec- 
tion. A  test  with  no  armor  (3-15)  indicated  that  the  insulation  deteriorated  more 
rapidly  than  it  does  with  armor  and  failed  when  a  bar  broke  at  481,400  cycles,  a  result 
that  may  or  may  not  be  due  to  lack  of  armor.  The  armor  if  properly  bonded  undoubt- 
edly adds  some  ilexural  strength  to  the  bar  to  reduce  the  stresses  in  the  bar  itself. 

The  deflection  over  the  36-in  span  in  the  rolling-load  machine  showed  considerable 
variation,  being  as  low  as  0.03  in  and  as  high  as  0.08  in.  The  fit,  bolt  tension  and  wear 
probably  are  important  factors  in  this  action.  The  full  rail  deflection  over  the  same  span 
length  was  measured  to  be  0.024  in. 

Table  1  lists  two  tests  on  ll5-lb  joints  under  4-1  and  4-2.  There  was  some  dis- 
cussion as  to  the  load  to  use  for  the  lightweight  bar,  since  in  the  regular  joints  a  load 
of  55,500  lb  is  used  for  132-lb  joints  and  44,400  lb  for  ll5-lb  joints.  The  ll5-lb  insu- 
lated joint  uses  a  90-lb  bar.  Since  it  is  desirable  to  reduce  the  length  of  testing  time  it 
was  decided  to  use  the  same  load  as  for  the  132-lb  insulated  joint,  or  44,400  lb  to 
accumulate  a  background  of  information  on  this  basis.  For  the  same  reason  the  testing 
load  for  the  132-lb  joint  may  be  raised  to  55,500  lb  in  the  future.  It  may  be  noted 
that  the  first  ll5-lb  joint  went  516,800  cycles  and  failed  from  a  broken  bar.  The  deflec- 
tion was  0.07  in  and  0.08  in,  which  compares  with  0.05  in  to  0.06  in  for  most  of  the 
132-lb  joints.  This  life  compares  favorably  with  tests  on  many  regular  joints  with  this 
load,  and  the  second  ll5-lb  joint  with  a  life  of  1,284,300  cycles  may  be  considered 
quite  good. 

2.  Fiber  Glass  Joints 

The  first  Permali  joint  (Pl-1)  was  not  actually  a  fiber  glass  joint  but  was  laminated 
wood  impregnated  with  resin.  A  view  of  the  Permali  joint  in  the  rolling-load  machine 
is  shown  in  Fig.  3.  The  fracture  may  be  seen  at  the  base  of  the  bar.  As  previously 
reported  it  failed  at  15,000  lb  load  and  17,500  cycles  in  the  rolling-load  machine  in 
1952,  with  a  deflection  of  0.16  in  at  that  load.  The  later  joints  use  fiber  glass  in  their 
composition,  though  the  exact  makeup  is  not  known.  To  compare  with  the  first  test, 
one  of  the  new  Permali  joints  (P2-2)  was  tested  at  the  same  15,000-Ib  load.  The  test 
was  discontinued  at  1,323,600  cycles  with  the  assumption  that  this  load  would  not 
cause  failure  in  a  reasonable  time.  The  deflection  was  0.07  in  with  this  load.  This  life 
indicates  considerable  improvement  over  the  original  joint.  However,  another  test  with 
the  full  44,400  lb  load  ran  only  500  cycles.  The  deflection  was  0.21  in. 

The  drilling  would  not  permit  an  end  post  to  be  inserted  in  test  P2-2,  so  a  check 
test  (P2-3)  was  made  to  1,000,000  cycles  indicating  that  the  tight  fit  without  the  end 
post  had  no  effect.  For  comparison  with  other  fiber  glass  joints  a  test  was  run  at  J^  load 
(22,200  lb)  and  failed  at  622,800  cycles,  which  compares  favorably  with  the  other  fiber 
glass  joints  reported  in  Table  1.  The  deflection  with  this  load  was  0.14  to  0.16  in. 


Rail 


565 


Fig.   3 — A   Permali   joint  under   test   in  rolling-load   machine. 
Fracture  can  be  seen  at  bottom  of  bar. 


The  fiber  glass  joints  made  by  the  Molded  Fiber  Glass  Body  Company  are  listed 
in  Table  1  under  Ml-1  to  Ml-5.  A  test  with  Ml-1  at  half  load  (22,200  lb)  on  an 
I-shaped  section  ran  590.300  cycles  and  had  a  deflection  of  0.25  to  0.34  in.  Various 
treatments  and  compositions  failed  to  improve  this  life  (see  Ml-3,  Ml-4  and  Ml-5). 
.\  test  started  at  J/'  load  and  then  changed  to  full  load  (Ml-2)  gave  2800  cycles  at  the 
full  load  with  a  deflection  of  0.43  in  (44,400-lb  lead).  The  Minnesota  Mining  and 
Manufacturing  Co.  joint,  a  115-lb  joint,  lasted  900  cycles  at  full  load  and  had  a  deflec- 
tion of  0.22  in  at  44,4(X>-lb  load  (listed  under  Great  Northern).  Fig.  4  shows  views  of 
two  types  of  failures  of  fiberglass  bars. 

3.  Continous-Type  Joints 

The  insulated  joint  in  use  for  many  years  has  been  the  socalled  "continuous"  type, 
with  the  base  of  the  joint  bars  wrapped  around  the  base  of  the  rail.  Insulation  of  vul- 
canized fiber  (paper)  strips  keeps  the  bars  from  contact  with  the  rail  and  bushings  and 
flat  washer  plates  insulate  the  bolts.  A  test  was  made  in  1953  on  a  132-lb  joint  of 
this  type  for  comparative  purposes.  The  test,  Rl-1  in  Table  1,  was  stopped  at  293,300 
cycles  because  of  the  impact  and  vibration  and  general  looseness  and  working  in  the 
joint,  though  it  had  not  failed  electrically.  The  deflection  was  0.09  in  over  a  38i«\-in 
span  with  a  41,400-lb  load.  The  supports  had  to  be  separated  slightly  over  the  usual 
36  in   because  of  the  interference  of  the  base  of  the  bars  with  supports  spaced  36  in. 

Two  tests  made  later  with  a  129-lb  and  115-lb  continuous  joint  and  other  types 
of  insulation  (reported  in  the  first  report)  ran  457,400  and  152,700  cycles.  Both  these 
joints    failed    electrically    becau.se   the    material    was    too   .soft    and    was  abraided    by    the 
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Fig.  4 — Fiber  glass  bars  showing  two  types  of  failures — upper  caused 
by  vertical  cracks,  lower  caused  by  longitudinal  splitting  due  to  insufficient 
binder  for  glass  fibers. 
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pressure  and  working  of  the  joint.  The  llS-lb  joint  had  a  deflection  of  %  in.  A  second 
llS-Ib  continuous  joint  with  another  type  of  insulation  shorted  out  at  50,000  cycles 
and  a  bar  broke  at  199,700  cycles.  The  deflection  in  this  case  was  0.07  in. 

4.  Epoxy  Insulated  Joints 

Regular  joint  bars  with  an  epoxy  coating  are  being  marketed  as  insulated  joints. 
To  check  the  effectiveness  of  this  method  a  pair  of  132-lb  joint  bars  was  placed  off 
on  the  top  fishing  surfaces  :i\..  in  to  allow  a  3/64-in  coating  on  the  top  and  bottom 
fishing  surfaces.  The  shanks  of  the  bolts  were  coated  and  the  rails  drilled  1%  in 
diameter  so  there  would  be  no  shorting  out  due  to  bolt  contact.  The  joints  failed  elec- 
trically at  165,000  cycles,  due  to  crushing  out  of  the  insulating  material  on  the  top 
of  the  bars  at  the  rail  ends.  The  load  used  was  55,500  lb. 

A  trial  with  a  thin  coating  to  eliminate  machining  the  bars  failed  electrically  under 
the  pressure  of  the  application  of  bolt  tension. 

D.   FIELD   OBSERVATION'S   OX   INSULATED   RAIL  JOINTS 
1.  AAR  Joints 

There  arc  little  or  no  field  experience  data  available  at  present  on  joints  other  than 
the  AAR  joints,  though  several  railroads  have  installations  of  the  various  types 
described  in  the  laboratory  tests. 

The  first  report,  previously  mentioned,  gives  the  experience  with  eight  joints  of 
the  AAR  design  installed  on  five  railroads  for  service  tests.  At  the  time  of  the  previous 
report  about  two  years  had  elapsed  and  most  of  the  joints  were  still  in  service.  At  the 
last  check  up  one  joint  in  service  four  years  remained  on  the  Milwaukee  Road  and 
two  were  still  in  place  on  the  welded  track  of  the  EJ&E  Railway  with  three  years  of 
service,  though  one  would  probably  need  the  top  armor  cut  back  to  prevent  bridging. 
The  Milwaukee  joint  was  the  early  section  that  was  subject  to  flange  contact.  The 
EJ&E  joints  (see  Fig.  5)  were  both  hit  by  dragging  equipment  and  part  of  the  inside 
top  armor  was  cut  away. 

The  service  tests  subject  the  joints  to  several  factors  not  present  in  the  laboratory 
tests,  and  some  troubles  have  been  experienced  with  the  .\.\R  joints,  as  follows: 

1.  The  initial  design  did  not  have  sufficient  flange  clearance.  This  section  was 
quickly  changed  and  no  further  trouble  has  been  experienced. 

2.  The  temperature  forces  on  the  joints  have  in  some  cases  pulled  the  top  armor 
loose  or  torn  the  rubber  itself.  This  seems  to  occur  mostly  in  cases  where 
instructions  to  lubricate  the  bars  were  not  followed.  Corrosion  (and  in  some 
cases  unduly  high  bolt  tension)  froze  the  rail  and  bars  together,  putting  all 
the  longitudinal  temperature  force  x>n  the  bond  of  the  armor  rather  than 
sharing  it  with  the  bolt  bushings.  .\ppIication  of  a  hard-type  grease  at  the 
factory   has   helped   this   condition. 

3.  The  first  bushing  design  with  the  bushings  integral  with  the  insulating  washer 
plate  was  deficient  in  strength  and  ruggedness.  This  was  replaced  by  a  ring- 
type  bushing  integral  with  the  bar  and  washer  plate  and  later  reinforced  by 
the  addition  of  a  block  of  rubber  to  surround  the  whole  area  on  the  inside 
of  the  bar.  No  trouble  has  been  reported  in  this  once  troublesome  spot.  See 
Fig.  1. 

4.  End  posts  were  found  to  be  of  insufficient  strength  for  the  high  forces  from 
temperature  changes,  especially  in  welded  track.  This  item  is  still  troublesome 
though  a  Micarta  material  seems  to  give  improvement.  Other  materials  and 
designs   are   being   tried. 
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Fig.  5 — AAR  joint  after  more  than  three  years  of  service.  Note  top  armor 
cut  off  by  dragging  equipment. 


Since  the  first  AAR  joint  was  made  up  in  1958  about  SO  railroads  have  installed 
the  joints  in  various  quantities.  The  roads  and  approximate  number  of  joints  are  given 
in  Table  2.  Four  of  the  largest  users  have  been  requested  to  supply  information  on 
service  performance  and  when  received  these  data  will  be  reported  on. 

2.  Other  Joints 

We  have  no  information  at  this  time. 


E.  DISCUSSION  AND   CONCLUSIONS 

The  work  on  this  project  has  continued  to  some  degree  since  about  1950  in  the 
various  phases  of  analyzing  the  problem,  looking  for  ideas,  finding  facilities  for  fabrica- 
tion of  test  specimens,  laboratory  testing  and  field  testing.  The  first  AAR  specimens 
for  testing  were  obtained  in  1952.  It  is  felt  that  the  laboratory  testing  has  now  covered 
all  types  of  joints  that  are  at  present  known  or  on  trial  in  this  country.  The  field  testing 
which  involves  several  factors  not  present  in  the  laboratory  tests  has  mostly  involved 
the  AAR  design.  It  is  known  that  a  number  of  roads  have  installations  of  Permali  and 
other  makes  of  fiber  glass  joints  and  continuous-type  joints  with  new  types  of  insula- 
tion. Factual  data  on  all  the  service  test  installations,  including  the  AAR  design,  are 
insufficient  at  this  time.  Either  a  more  comprehensive  field  test  inspection  program 
should  be  undertaken  by  the  AAR  staff  or  the  committee  should  circularize  a  ques- 
tionnaire for  information  on  the  various  installations. 
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TABLE  1 

Rolling  Load  Tests  of  Insulated  Joints 
44,400  Lb.   Load  Unless  Otherwise  Stated 


Series      Rail 
b  Jt.  No.    Wt. 


Special 
Condition 


Cycles  Date 

Tested        Started 


AAR-Vulcabond  Joints 


132  1st  molded  &  bonded 
jt.  Brinell  hardness 
only  201. 


502,  200     11-24-58      No  rubber  at  center  gap.     Bar  broke  at 

rail  end.    Thimbles  broken  at  some  bolts. 


3-1         132      2nd  molded  &  bonded      2,000,000      4-6-59        Center  gap  filled  with  rubber.     Runout. 


jt. 


3-2         132      Bars  shot  peened. 

Easement  top  center. 

3-3         132     Thimbles  molded  in 
bars. 

3-4         132     Thimbles  molded  in 
bars. 

3-5        132     Thimbles  molded  in 
bars. 


3-6         132      Repeat  on  3-5. 


Joint  still  serviceable. 

2,000,000       8-17-59      Runout  test.     Bars  serviceable  at  end 
of  test.    Stresses  measured. 

104,100      6-10-GO      Discontinued.     Rubber  not  hardened. 
1,615.800       8-6-60        Bar  cracked.     Defl.  0. 05  in. 


150,000      8-29-60      Test  stopped.     Bars  cocked.    Too  high 
fishing  height.    Defl.   0. 04  in.    Top 
armor  started  to  curl  up. 

150,000      9-2-60        Bars  cocked.    Same  as  3-5.    Easement 
top  center. 


3-7         132      Repeat  on  3-5  &  3-6.       2,000,000     11-23-60       Runout.     Bar  in  good  conditio 

Defl.   0.04  to  0.05  in. 


3-8         132     Special  top  armor 
holes  to  help  bond. 

3-9         132      Load  increased  in  5 
increments  to  55,500 
lb.  with  50,000 
cycles  each  incre- 
ment.    Hardness  85D. 

3-10       132     Top  armor  does  not 
extend  beyond  fishing 
contact. 


350,000     11-8-61        Armor  started  to  loosen.     Rubber  pro- 
bably too  soft.     Defl.   0.06  to  0.  08  in. 

718,800     12-12-61      Armor  loosening  at  top  center  both 

sides  at  40,000  lb.   -  200,000  cycles. 
Then  raised  to  55,500.    Joint  broke 
at  718,800. 


604,600  2-28-G2  Armor  started  to  curl  up  at  6800  cycles 
and  continued  to  deteriorate.  Removed 
at  604,  600  cycles  because  performance 
was  inferior  to  bars  with  armor  across 
whole  head.     Uefl.   0.  03  in. 


The  mechanics  of  the  action  of  the  rail  joint  in  track  and  its  i)arl  in  carr>in!i  the 
wheel  loads  have  been  discussed  and  explained  in  this  report  and  its  predecessor.  These 
analyses  indicate  that  only  a  stiff  strong  joint  will  reduce  the  track  support  mainte- 
nance at  the  joint,  and  the  more  closely  this  stiffness  approaches  that  of  the  rail  the 
more  nearly  will  the  maintenance  requirement  be  similar  to  that  of  the  full  rail.  \  flex- 
ible connectinji  member  approaches  a  hinge  action  which  would  carry  no  moment  and 
give  no   load  distribution   to  adjacent  ties. 

It  seems  axiomatic  that  any  design  should  be  as  simple  as  possible  and  have  a 
minimum    number   of    parts   to   simplify    fabrication   and   assembly,   to   promote  integral 
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TABI£  1  (Continued) 
Series      Rail  Special  Cycles  Date 

&  Jt.  No.    Wt.  Condition  Tested         Started  Remarks 

3-11       132      Heavy  armor(0.  09  in. )  1,596,500      4-9-62        East  bar  broke.     Heavy  armor  on  west 
on  west  bar.  bar  gave  better  performance.    Defl. 

0.03  in. 

3-12       132      Heavy  armor  on  top  of    1,026,300      5-9-62        Armor  lifted  and  split  at  middle  and 

bars  but  only  on  fishing  rubber  split  and  cracked.     Probably  due 

areas.    Hardness  88D,  to  armor  not  extending  beyond  rail  head. 

3-13       132      Heavy  armor  on  top  of        274,700       1-14-63       Performance  not  satisfactory.     Probably 
bars.    Hardness  60  to  rubber  too  soft.    Armor  loosened  and 

70D.  cracked.     Defl.  0.  06  in. 

3-14       132     Cor  ten  heavy  armor  494,300      5-2-63        Armor  split  and  cracked.     Rubber  only 

(0.  90  in. ).  60  to  TOD.    Test  stopped. 

3-15       132      No  armor  top  or  bottom.    481,400      9-26-63      Bar  broke  through  bolt  hold.     Perfor- 
Hardness  85D.  mance  inferior  to  bars  with  armor  and 

proper  hardness. 

3-16       132      Heavy  armor.  720,000     12-9-'i3        Molded  by  injection  process.    Test  in 

Hardness  85D.  progress. 

3-17       132     Heavy  armor.  612,300     12-9-63       Pressure  mold.     Test  in  progress. 

Hardness  85D. 

4-1         115      1st  115  lb.  joint  tests.        516,800      5-11-61      East  bar  broke.     Defl.   0.  07  to  0.  08  in. 
Regular  44, 400  lb.  load  Break  from  bottom  up.    Condition  of 

used  on  132  lb.  bars.  armor  fair. 

4-2         115      Same  loading.  1,284,300     10-10-61      Both  bars  broke.     Performance  con- 

sidered good  for  this  load.    Defl.   0.  06 
to  0.  13  in. 

Can.   Pac.  100     Load  22,200  lb.  3,300      7-8-63        Design  of  good  joint  for  this  head  free 

HF  rail  very  difficult. 

Permali  Insulated  Joints 

Pl-1      132      Load  15,000  lb.  17,500      3-31-52      Joint  failed  by  splitting  longitudinally 

under  rail  end  and  pulling  apart  at 
bottom.    Defl.   0.  16  in.  under  15,000  lb. 
load. 

P2-1      132      Load  44,400  lb.     No  end  500      7-11-62      Joint  failed  by  breaking  at  middle  of 

post  in  joint  because  of  length.    Defl.   0.  21  in. 

short  hole  spacing. 

P2-2      132     No  end  post.  1,323,600      7-11-62      Repetition  of  conditions  of  1-1  for  com- 

15,000  1b.  parison.     Better  performance  on  this  test. 

Defl.   0.  07  in.     Test  stopped.   Load  not  high 
enough  to  give  failure  in  reasonable  time. 


action,  reduce  wear  and  corrosion  and  eliminate  play.  The  .\AR  and  fiber  glass  joints 
meet  these  requirements  in  most  respects. 

The  deflection  measurements  in  the  laboratory  tests  of  various  joints  under  similar 
loading  are  indicators  of  the  relative  stiffness  of  the  specimen.  Inspection  of  Table  1 
indicates  the  AAR  joint  has  the  lowest  deflection,  0.04  to  0.07  in,  the  continuous  type, 
0.06   to   0.09   in;   and  the  fiber   glass  a  poor  third  with  0.20  to  0.43   in  under  similar 
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tabu;  1  (Continued) 


Series     Rail 
&  Jt.  No.  Wt. 


Special 
Condition 


Cycles 
Tested 


Date 
Started 


P2-3      132     Same  as  2-2  except 
end  post  in  joint. 

P2-4      132     Same  as  2-3  except 

22,200  lb.   load  for 
comparison  with  other 
fiber  glass  joints. 


Grt. 
Nor. 


1,000,000    10-5-62 


Remarks 

Stopped  at  1  million  cycles  because 
end  post  had  no  apparent  effect. 


622,800     11-27-62      Joint  essentially  failed  at  end  of  test. 
Defl.   0.  14  to  0.  16  in. 


Molded  Fiber  Glass  Body  Co.   Insulated  Joints 


Ml-1      132      I  bar  section. 

22,200  lb.  load. 


590,300      3-3-61         Bar  had  started  to  fail  and  large  defl. 
made  test  difficult  for  machine  to  pull 
joint.     Defl.   0.25  in.   (start)  0.34  in. 
at  336,000  cycles. 


Ml-2     132      Rectangular  bar  section.  36,500      4-12-61      Joint  failed  with  2800  cycles  at  the 

22,200  lb.  load  to  33,700  44,400  lb.  load.    Defl.  0.  18  in. 

cycles.    44,400  to  36,  500  (22,200  1b.)    0.  43  in.  (44,  400  lb. ). 
cycles  and  failure. 


Ml-3     132     I  section  post  cured. 
22,200  lb.   load. 

Ml-4     132      I  section  not  post  cured. 
22,  200  lb.   load. 


112,300     10-21-61      Joint  failed.    Defl.  0.  15  in. 
52,500       6-27-61      Joint  failed.     DeQ.   0.  13  in. 


Ml-5     132     More  fiber  glass  in  joint.  121, 100  10-3-61        Glass  fibers  split  out  in  longitudinal 
Load  22,  200  to  118, 100  strips.    Too  much  glass  relative  to 

cycles.    44,400  to  binder.    Defl.  0.  08  to  0.  13  in.  (at 

121,  100  and  failure.  1 15,  000  cycles). 


Minnesota  Mining  and  Mfg.  Co.  Insulated  Joint 


115      New  high  strength 

material,     44,400  lb. 
load. 


900      9-26-63      Joint  failed  by  vertical  cracks  at  mid 
length.    Defl.   0.  11  in.   (22,200  lb. ) 
0.22  in.   (44,400  lb.). 


Rail  Joint  Company  Insulated  Joint 
Continuous  Type 


Rl-1      132     Standard  continuous 
type  Vulc.   fiber  ins. 
41,400  lb.   load 
38  11/16  in.  span. 


293,300      9-18-53      Test  stopped  because  of  impact  and 
vibration  on  machine  due  to  joint. 
Defl.  0.09  in. 


loadings.  A  nylon  joint  previously  tested  had  a  still  higher  deflection.  This  joint  could 
not  be  tested  at  the  full  44,400-Ib  load.  None  of  the  plastic  joints  would  carry  the  full 
testing  load  for  any  appreciable  number  of  cycles. 

The  field  testing  of  a  flexible  type  joint  should  include  observations  on  the  relative 
track  maintenance,  since  the  deficiency  in  strength  may  not  show  up  for  some  time 
if  the  tie  support  is  good  and  little  or  no  play  exists  in  the  support. 

The  field  tests  on  the  AAR  joints  have  indicated  that  one  of  the  worst  troubles 
not  yet  overcome  is  the  large  longitudinal  force  due  to  temperature  changes.  While  the 
bushing  trouble  previously  important  seems  to  have  been  eliminated,  the  stress  on  the 
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Tablk  2 — AAR — Vuu^ABOND  Joints  in  Servick  on  United  States 
AND  Canadian  Railroads 


Alicjuippa  <fe  Southern 48 

Athmtic  Coast  Lino 8 

Baltimore  &  Ohio   _. 18 

Bessemer  &  Lake  Pjie : 24 

Bangor  &  Aroostook 8 

lioston  &  Maine :}0() 

Canadian  Paeific 50 

CaiKulian  National 110 

Chesapeake  &  Ohio I 

Chicago  Burlington  &  Quincy (i 

Chicago  &  North  Western 2 

Chicago  Transit  Authority (i 

Chicago  S.  Shore  &  S.  Bend 8 

*Delawaie  &  Hudson 

Denver  &  Rio  Grande  Western 52 

Elgin  Joliet  &  Eastern 2(5 

Erie- Lackawanna 4 

Florida  East  Coast 8 

Great  Northern 75 

Gulf  Mobile  &  Ohio 4 

Iron  Ore  Co.  (Can. ) 92 

lUinois  Central 2 

Illinois  Midland 2 

Jacksonville  Term 4 

*Lehigh  Valley 


Milwaukee  Road 8 

Monongahola  Con 108 

MonoM (i 

Missouri  Pacific 8 

♦New  ^'ork  N.  H.  &  Hartford 

New  York  Ontral 1(1 

Norfolk  &  Western 2 

Northern  Pacific 75 

PeiHisvlvania -i 

*Pittsl)urgh  &  Lake  Erie 

(^uei)ec  ('artier 4 

(^uel)ec  No.  Shore  &  Lab ',i\ 

♦Richmond  Fredericksburg  &  Pot 

St.  Louis  Southwestei-n (1 

St.  Louis-San  Francisco 212 

Seaboard  Air  Line 355 

Southern  Pacific\ 

Western  Pacific  / 8 

Southern 12 

Union  Pacific 8 

Union 2 

Wabash 14 

♦Western  Maryland 

Washington  Term 1 


Actual    number   of    joints    in    service    not    known    at    time   of   publication. 


bonding  of  the  upper  armor  is  severe  if  the  joint  is  frozen,  and  end  posts  continue  to 
be  a  problem  in  either  case.  It  is  believed  that  factory  apphcation  of  grease  has  helped 
the  bond  stress  problem  (and  corrosion),  and  work  is  being  done  to  find  better  materials 
or  designs  for  end  posts. 

Letters  have  been  written  to  four  of  the  largest  users  of  AAR — Vulcabond  joints 
for  service  test  information,  and  it  is  hoped  to  report  on  that  information  when 
received. 
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Report  on  Assignment  7 

Metallurgical   Effect   of   Rail-Cropping   Methods 

V.  E.  Hall  (chairman,  subcommittee),  \V.  D.  Almy,  G.  V.  BcKany,  J.  A.  Bunjer,  J.  B. 
Claric,  J.  T.  Collinson,  C.  A.  Colpitts,  W.  J.  Cruse,  O.  E.  Fort.  C.  E.  R.  Haijiht, 
J.  C.  Jacobs,  H.  W.  Jenkins,  C.  E.  Morgan,  J.  S.  Parsons,  G.  C.  Payne,  G.  L.  P. 
Plow,  D.  H.  Shoemaker,  E.   H.  Waring,  J.  S.  Wearn,  C.  E.  Weller,  D.  J.  White. 

Your  committee  submits  the  following  report  of  progress  in  gathering  information 
pertaining  to  this  new  assignment. 

A  questionnaire  was  sent  to  all  members  of  the  Rail  committee,  and  24  of  the 
36  railroads  represented  returned  completed  cjuestionnaires.  Two  railroads  advised  that 
they  do  not  crop  rails  for  any  purposes. 


Summaries  ov  Rki'lies  Rfxkived 


Uses  of  Cropped  Rail 


Number  of 
Railroads 


Fla.sh-butt  wekling 

Oxyacetylene  welding 

Field  welding 

Reuse  as  jointed  rail 

Frog  and  .switch  manufacture 

Methods    Used  for  Croppiiiu 

Circular,  power  saw 

Hack,  power  saw 

Circular,  friction  saw 

.\brasive  cutoff  (wet) 

Abrasive  cutoff  (dry) 

Oxyacetylene  flame / 

Oxygen-propane  flame 


Number  of 
Railroads 


Summary  of  Reporting  Railroads'  Use  of  Rail  Cropped  by  the  Various  Methods 


Uses 

Methodti 

Flash-Bull 
Welding 

Oxyaeely- 

lene 

Weldiny 

Field 
Weldinti 

Reuse  as 
Joinled 

Frog  and 
Switch 
M.fur. 

Circular,  power  saw 

2 

1 
6 

5 
9 
8 

5 

6 
2 

3 

5 
1 
4 
."} 
.3 

.5 

.abrasive  cutoff  (wet).-. --- 

2 
3 

8 
4 

1 

Oxygen-propane  flame - 

Last  year,  the  \.\R  Research  Center  made  a  metallurgical  investigation  for  the 
Santa  Fe  of  new  1.56-lb  and  .second-hand  l.U-Ib  rail  ends  cut  by  this  road's  friction 
saw,  in  order  to  investigate  the  possibilities  of  using  this  saw  in  the  cutting  of  closure 


574 


Rail 


Fig.   1 — Photograph  of  rail  ends  of  new  and  used  rail  cut 
with  the  Santa  Fe's  friction  saw. 


rails  for  packaged  turnouts  and  rails  to  be  used  in  the  manufacture  of  switch  points, 
frogs,  etc.  The  results  of  this  investigation  are  quoted  below: 

"The  rail  ends  as  received  are  shown  on  Fig.  1.  It  can  be  noted  that  the  heat 
generated  in  cutting  caused  the  metal  to  flow  out  in  rather  extensive  fins.  The  specimen 
for  microscopic  and  hardness  studies  were  obtained  from  the  locations  OA,  OB,  OC, 
NA,  NB  and  NC  as  shown  on  Fig.  1.  The  arrow  indicates  the  surface  that  was 
examined.  The  depth  of  the  heat-affected  zone  as  shown  on  Table  1  was  obtained 
from  these  specimens  by  means  of  the  grid  on  the  microscope  at  100  X  magnification. 

Table   1 — Depth  of  Heat-Affected   Zone 


Specimen  No. 


NA. 
NB. 
NC. 
0A_ 
OB. 
OC. 


Depth  in 

Depth  in 

Millimeters 

Inches 

1.10 

0.043 

1.12 

0.044 

0.63 

0.025 

1.10 

0.043 

0.92 

0.036 

0.51 

0.020 

Rail 
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Fig.  2 — Micrographs  from  locations  NA  (above)  and  OA  (below) 
showing  the  thermal  effect  of  the  friction  saw  on  the  grain  structure,  and 
resulting  BHN.  Magnification  about  75  X;  etchant  3  percent  nital. 
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"Two  specimens,  OA  and  NA,  as  shown  on  Fig.  2,  were  etched  with  3  per- 
cent nital  and  are  shown  at  about  75  X  maRnification  to  illustrate  the  depth  and  change 
in  grain  structure  due  to  the  heating.  The  hardness  readings,  as  shown,  were  obtained 
with  a  Tukon  hardness  tester  and  converted  to  BHN.  The  BHN  ranging  from  603  to 
614  compared  to  that  of  the  regular  rail  metal  of  255  to  275  indicates  that  the  heat- 
affected  zone  con.sists  of  a  martensitic  structure  which  was  confirmed  by  examining  the 
specimen  at   1000  X   magnification. 

"It  is  interesting  to  note  that  the  depth  of  the  heat-affected  zone  decreases  with 
the  thickness  of  cross  section,  and  it  may  help  in  the  decision  as  to  whether  this  effect 
is  desirable  in  rails  for  trackwork.  There  is  no  significant  difference  between  the  new 
and  second-hand  rail. 

"The  heat-affected  zone  caused  by  this  method  is  not  as  great  as  the  zone  caused 
by  some  of  the  earlier  abrasive  cutting  methods  and  may  not  have  any  harmful  effect 
even  though  the  presence  of  martensitic  structures  is  never  desirable.  It  would  seem 
that  the  martensitic  metal  could  be  easily  transformed  by  heating  the  rail  ends  after 
cropping  to  a  temperature  of  between  800  to  1000  F,  at  which  temperature  the 
martensite  transforms  to  a  desirable  grain  structure." 

The  Santa  Fe  is  presently  using  its  friction  saw  exclusively  for  the  cropping  of 
second-hand  rail  for  flash-butt  welding  where  the  heat  effect  from  the  cutting  operation 
is  flashed  away  and  is  of  no  consequence. 

The  AAR  Research  Center  is  making  metallurgical  investigations  of  wet  and  dry 
abrasive  wheel  cropping  methods,  and  preliminary  results  indicate  that  considerable 
progress  has  been  made  to  eliminate  harmful  heat  effects  by  increasing  the  horsepower 
of  the  motors  to  prevent  the  abrasive  cutoff  blades  from  slowing  down  during  the 
cutting  operation. 


Report  on  Assignment  8 

Causes  of  Shelly  Spots  and  Head  Checks  in  Rail: 
Methods  for  Their  Prevention 

C.  F.  Parvin  (chairman,  subcommittee),  J.  A.  Bunjer,  W.  J.  Cruse,  O.  E.  Fort,  D.  T. 
Faries,  V.  E.  Hall,  T.  B.  Hutcheson,  W.  D.  Almy,  B.  Bristow,  T.  F.  Burris,  J.  B. 
Clark,  C.  J.  Code,  C.  A.  Colpitis,  C.  O.  Conatser,  L.  S.  Crane,  F.  L.  Etchison, 
C.  J.  Henry,  C.  C.  Herrick,  Ray  McBrian,  B.  R.  Meyers,  G.  L.  P.  Plow,  R.  B. 
Rhode,  E.  H.  Waring,  H.  M.  Williamson,  W.  L.  Young. 

This  is  a  progress  report,  presented  as  information. 

During  the  past  year  this  investigation  was  progressed  by  both  the  Research  Depart- 
ment,  AAR,   and   the  University  of  Illinois. 

The  work  conducted  by  the  AAR  Engineering  Division  research  staff  is  covered  by 
the  report  prepared  by  Kurt  Kannowski,  metallurgical  engineer,  and  included  as  Appen- 
dix 8-a.   It  covers  the  inspection   of  fully   heat-treated  and  alloy-rail  test  installations. 

The  work  conducted  by  the  University  of  IlHnois  is  covered  by  the  report  prepared 
by  Professor  R.  E.  Cramer  and  is  included  at  Appendix  8-b  of  this  report.  It  presents 
data  on  rolling-load  tests  of  rail  flame  hardened  for  the  SP,  UP,  and  the  QNS  &  L, 
rail  of  Japanese  manufacture,  hardened  by  the  induction  method,  and  high-silicon  rail 
as  well  as  standard  carbon  rail. 
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Appendix  8-a 

Results  of  Inspections  of  Heat-Treated  and  Alloy  Rail 

Service   Test    Installations   on    Curves   with 

Shelly  Histories— 1963 

CHESAPEAKE   &   OHIO   RAILWAY   SERVICE   TEST   OF    132-LB   RE   FULLY 
HEAT-TREATED  RAILS 

The  12  fully  heat-treated  and  12  non-heat-treated,  end-hardened  rails  which  were 
laid  in  the  high  and  low  sides  of  the  3-deg  6-min  curve  at  Martha,  W.  Va.,  on  May  2, 
1949,  were  inspected  May   14,   1963. 

On  June  12,  1961,  after  more  than  12  years  of  service  and  after  carrying  approxi- 
mately 325,000,000  gross  tons  of  traffic,  the  test  rails  were  transposed.  The  rails  from 
the  high  side  of  the  curve  were  laid  in  the  low  side  while  the  low  side  rails  were  turned 
end  for  end  and  laid  in  the  high  side  of  the  curve.The  low  side  rails  were  turned  so  as  to 
use  the  corner  of  the  rail  head  showing  the  least  fin  for  the  new  gage  side. 

At  the  time  of  the  May  22,  1962,  inspection  the  rails  had  carried  approximately 
25,000,000  gross  tons  in  their  transposed  position  and  appeared  to  be  performing  nor- 
mally. By  the  time  of  this  inspection  the  rails  had  carried  approximately  44,000,000 
gross  tons  since  transposition  for  a  total  of  approximately  369,000,000  gross  tons  since 
May  1949. 

Only  one  test  rail  has  been  removed  from  service.  Fully  heat-treated  rail  87581- 
Cl4  was  badly  marked  by  engine  wheel  burns  7  ft  from  the  receiving  end  while  it  was 
in  the  low  side  of  the  curve.  It  has  been  removed  from  its  high-side  transposed  position 
within  the  last  year. 

Generally  speaking,  the  remainder  of  the  rails  appear  to  be  performing  normally 
since  transposition,  and  the  new  high  side  gage  corner  is  assuming  a  contour  normal 
to  high-side  rails.  No  gage  corner  developments  such  as  flaking  and  shelling  were  noted. 
However,  the  greater  amount  of  flow  of  the  head  metal  in  the  non-heat-treated  rails 
as  compared  to  the  fully  heat-treated  rails  is  now  quite  noticeable,  as  shown  on 
Photographs   1-8. 

The  heavy  fin  of  plastically  deformed  head  metal  on  the  non-heat-treated  rail  is 
gradually  being  cut  away  by  the  wheel  flanges.  Such  action  is  not  necessary  in  the 
fully  heat-treated  rails  where  flow  to  this  extent  does  not  occur.  The  flow  took  place 
primarily  while  these  rails  were  in  the  low  side  of  the  curve. 

Heat-treated  rails  87581-E35  and  87581-G12,  now  in  the  low  side  of  the  curve, 
show  areas  of  mild  flow  across  the  head  of  the  rails,  the  former  at  one  location  5  ft 
from  the  receiving  end  and  the  latter  in  multiple  locations  about  the  same  distance 
from  the  receiving  end.  These  areas  are  directly  opposite  shelly  spots  which  formed 
while  these  rails  were  in  the  high  side  of  the  curve,  prior  to  the  transposition. 

It  is  expected  that  these  rails  will  give  considerable  additional  service  in  their 
transposed  locations. 

(Text  continued  on  page  586) 
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Photograph  1 — May  14,  1963,  inspection,  C  &  O,  Martha,  W.  Va.  Approx. 
369,000,000  gross  tons — 44,000,000  since  transposition.  Heat-treated  rail 
87581-C34  to  left  of  joint,  non-heat-treated  rail  87581-E36  to  right  of  joint, 
high  side  of  curve.  Note  difference  in  flow  of  head  metal  at  gage  corner 
of  head,   (See  photographs  2  and  3) 


Photograph  2— May  14,  1963,  inspection,  C  &  O,  Martha,  W.  Va. 
Approx.  369,000,000  gross  tons — 44,000,000  since  transposition.  Heat-treated 
rail  87581-C34  near  joint  shown  in  photograph  1,  high  side  of  curve.  Note 
absence  of  fin  of  plastically  deformed  metal  at  gage  corner  of  rail  head. 
(See   photographs    1   and   3). 
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Photograph  3 — May  14,  1963,  inspection,  C  &  O,  Martha,  W.  Va. 
Approx.  369,000,000  gross  tons — 44,000,000  since  transposition.  Non-heat- 
treated  rail  87581-E36  near  joint  shown  in  photograph  1,  high  side  of  curve. 
Note  bulge  or  fin  of  plastically  deformed  metal  at  gage  corner  of  rail  head. 
(See  photographs  1  and  2). 
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Photograph  4 — May  14,  1963,  inspection,  C  &  O,  Martha,  W.  Va. 
Approx.  369,000,000  gross  tons — 44,000,000  since  transposition.  Non-heat- 
treated  rail  82589-G3,  high  side  of  curve.  Note  heavy  fin  of  plastically 
deformed  head  metal  on  gage  corner. 
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Photograph  5 — May  14,  1963,  inspection,  C  &  O,  Martha,  W.  Va. 
Approx.  369,000,000  gross  tons — 44,000,000  since  transposition.  Non-heat- 
treated  rail  87581-E12,  high  side  of  curve.  Note  heavy  fin  of  plastically 
deformed  head  metal  on  gage  corner. 
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Photograph  6 — May  14,  1963,  inspection,  C  &  O,  Martha,  W.  Va. 
Approx.  369,000,000  gross  tons — 44,000,000  since  transposition.  Fully  heat- 
treated  rail  82589-D5,  high  side  of  curve.  Note  complete  absence  of  head 
flow  to  gage  corner  as  appears  in  photographs  4  and  5  in  non-heat-treated 
rails. 
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Photograph  7 — May  14,  1963,  inspection,  C  &  O,  Martha,  W.  Va. 
Approx.  369,000,000  gross  tons — 44,000,000  since  transposition.  Heat-treated 
rail  87581-Dll  to  right  of  joint,  low  side  of  curve,  non-heat-treated  rail 
82589-B5  to  left  of  joint.  Note  difference  in  flow  of  head  metal  at  gage 
corner  of  rail  head. 
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Photograph  « — May  14,  1963,  inspection,  C  &  O,  Martha,  W.  Va. 
Approx.  369,000,000  gross  tons — 44,000,000  since  transposition.  Non-heat- 
treated  rail  87581-E14,  low  side  of  curve.  Flowed  metal  forms  slight  rib 
on  gage   corner. 
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GREAT  NORTHERN   RAILWAY  SERVICE  TESTS 

115   RE   High-Silicon  Rail 

This  service  test  was  installed  to  investigate  the  properties  of  hiuh-silicon  rail  in 
regard  to  its  abrasion  and  shelling  resistance.  Two  locations,  each  with  two  comparable 
curves,  were  laid  with  high-silicon  rails  on  the  high  side  and  on  the  low  side  on  one 
of  the  curves  of  each  location  and  standard  control-cooled  rails  on  the  other  curve. 
These   installations   were   described   extensively   in   the   Proceedings,  Vol.   58,   page   1028. 

During  the  inspection  of  September  1063,  of  the  Cascade  Division's  curves  48  and 
52  with  107  million  gross  tons  of  traffic  over  them,  it  was  noted  as  shown  on  Figs.  1-4 
that  the  high-silicon  rail  on  the  high  side  had  less  wear  than  comparable  standard 
carbon  rail  and  that  the  high-silicon  low  rail  had  less  head  flow  than  the  comparable 
standard  carbon  rail.  A  small  shell  was  noted  on  the  high-silicon  rail  1162  B17,  whereas 
the  standard  control-cooled  rail  had  worn  enough  to  prevent  shelling.  The  curve  was  not 
lubricated. 

The  rail  on  curves  705  and  710  of  the  Cascade  Division  after  137,908,491  gross 
tons  of  traffic  again  had  more  curve  wear  of  the  h'lih  rail  for  the  standard  control- 
cooled  rail  compared  to  the  high-si'icon  rail,  as  shown  on  Figs.  5-8.  It  was  also  noted 
that  the  low  rails  of  control-cooled  rails  had  more  head  flow  compared  to  the  high- 
silicon  rails,  Figs.  5-8.  On  curve  705  consisting  of  standard  control-cooled  rail,  one  rail 
with  a  heavy  shell,  another  rail  with  six  heavy  shells  and  another  rail  with  ten  heavy 
shells  were  noted.  On  curve  710  consisting  of  the  high-silicon  rails,  it  was  noted  thiU 
nine  rails  had  small  subsurface  shells.  This  condition  can  be  attributed  to  a  gage  widening 
in  the  last  three  years  that  was  not  observed.  Evidence  of  tie  plate  cutting  was  noted. 
The  gage  at  the  time  of  the  inspecton  was  561*6  in  to  56%  in.  These  small  shells  were 
disappearing  due  to  the  curve  wear.  Both  curves  were  well  lubricated. 

(Text  continued  on  page  SOS) 
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FIGURE  1 

GRBAT  NORTHERN  RY. 

RAIL  SECTION  R.E.   115  LB.  HIGH  SILICON 


DIVISIGN     Cascade 


1162  -  C3 
LOW  RAIL 


INSPECTION  DATE      8  -  2  -  C3 


Laid  September,   1955 
Near  Wlnton,  Wash. 


.  GAGE 


■^ 


1162  -  C6 
HIGH  RAIL 


M.P.    1680+66,    CURVE  NO.    48,    DEGREE    2O30'45",      Superelevation    3-3/4"     Gage    56-7/8' 


GAGE. 


1162  -  F3 
LOW  RAIL 


1162  -  D17 
HIGH  RAIL 


M.P.    1680  +  73,    CURVE  NO.    48,  DEGREE    2°30'48",      Superelevation  3-3/4"       Gage    56-3/4' 


1162  -  F16 
LOW  RAIL 


,GAGE 


M.P.     1680+76,     CURVE  NO.     48,    DEGREE    2O30'45",     Superelevation  3-3/4"        Gage    56-3/4' 
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FIGURE  2 

GREAT  NORTHERN  RY. 

RAIL  SECTION  R.E.  115  LB.  fflGH  SILICWN 


Division    Cascade 


Inspection  Date    8-2-63 


1162  -  C5 
LOW  RAIL 


Laid  September,   1955 
Near  Winton,  Wash. 


GAGE 


M.P.    1680  +  91,     Curve  No.    48,       Degree    2°30'45",         Superelevation    3-3/4",    Gage    56-3/4' 


GAGE- 


1162  -  C8 
raCH  RAIL 


M.P.    1690  +  98,     Curve  No.    48,      Degree    2°30'45",         Superelevation    3-3/4".    Gage    56-3/4' 


Rail 
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nCURE  3 
GREAT  NORTHERN  RY. 
RAIL  SECTION  R.E.   115  LB.  STANDARD  CARBON 


Division    Cascade 


CH  2227  -  C9 
LOW  RAIL 


iQspectlon  Date    8-2-63 

Laid  September,    1905 
Near  Wlnton,  Wash.  ^ _    _ 


GAGE 


r 


CH  10257  -  E15 
HIGH  RAIL 


M.P.     1683+33,     Curve  No.     52,       Degree    2°30', 


Superelevation    2-1/2",     Gage    56-7/8' 


CH  2227  -  C14 
LOW  RAIL 


GAGEv 


CH  10257  -  F9 
HIGH  RAIL 


M.P.    1683  +  33,     Curve  No.     52,       Degree  2'>30',  Superelevation    2-1/2",    Gage    56-3/4" 


GAGE 


M.P.     1683+33.     Curve  No.     52,     Degree  2°30' 
Superelevation    2-1/2",    Gage    56-3/4" 


500 
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FIGURE  4 

GREAT  NORTHERN  RY. 

RAIL  SECTION  R.E.  115  LB.  STANDARD  CARBON 


Division  Cascade 


Inspection  D  te    8-2-63 


Laid  Septemlxsr,   1955 
Near  Winton,  Wash. 


GAGE 


CH2227  -  E12 
LOW  RAIL 


L 


CH  10257  -  E12 
HIGH  RAIL 


M.P.    1683  +  39,     Curve  No.     52,    Degree    2O3O',  Superelevation    2-1/2",    Gage    56-3/4' 


GAGE- 


/ 


CH  10257  -  C19 
HIGH  RAIL 


M.P.    1683+39,     Curve  No.     52,    Degree  2^30 ',  Superelevation    2-1/2",    Gage  56-3/4' 


CH  2227  -  FIO 
LOW  RAIL 


GAGE 


M.P.  1683+39,    Curve  No.    52,    Degree  2°30' 
Superelevation    2-1/2",    Gage  56-3/4" 
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nCURE  5 

GREAT  NORTHERN  RY. 

RAIL  SECTION  R.  E.  115  LB.  HIGH  SILICON 


Division   Kalispell 


Inspection  Date    8-1-63 


Laid  June,  1955 
Near  Camden,  Wash,     y^ 


GAGE 


16191  -  B18 
LOW  RAIL 


1162  -  E17 
HIGH  RAIL 


M.P.    1444,  Curve  No.    710,    Degree    4'>59'  Superelevation   4-1/4",     Gage    56-5/8' 


16191  -  E2 
LOW  RAIL 


-GAGE, 


16191  -  D14 
HIGH  RAIL 


M.P.    1444,  Curve  No.    710,    Degree    4°59'  Superelevation   4-1/4",    Gage    56-1/4' 


GAGE 


M.P.    1440,  Curve  No.    710,    Degree    4°59'  Superelevation   4-1/4",    Gage    56-1/2' 
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GREAT  NORTHERN  RY. 

RAIL  SECTION  R.E.  115  LB.  fflCH  SIUCON 


Division   Kalispell 


Inspection  Date    8-1-63 


Laid  June,   1955 
Near  Camden,  Wash., 


GAGE 


16191  -  nz 

HIGH  RAIL 


"^•^ 


M.P.  1444,  Curve  No.    710,    Degree    4059',  Superelevation    4-1/4",    Gage  56-1/4" 


16191  -  E6 
LOW  RAIL 


GAGE 


16191  -  Fl 
HIGH  RAIL 


M.P.  1441,  Curve  No.    710,    Degree    4°59',  Superelevation   4-1/4",    Gage    56-1/4' 


Rail 
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FIGURE  7 

GREAT  NORTHERN  RY. 

RAIL  SECTION  R.E.   115  LB.   STANDARD  CARBON 


Division   Kalispell 


CH  15144  -  F8 
LOW  RAIL 


Inspection  Date    8-1-63 


Laid  June,    1955 
Near  Camden,  Wash 


}AGE 


CH  3142  -  F12 
HIGH  RAIL 


M.P.    1443, 


Curve  No.    705,     Degree    5° 


Superelevation    3-1/2",    Gage    56-3/8' 


GAGE 


CH  15144  -  F17 
LOW  RAIL 


M.P.     1443,  Curve  No.    705,    Degree    5", 


Superelevation    3-1/2",    Gage    56-1/4' 


AGE 


M.P.    1443,  Curve  No.     705,    Degree    5°. 

Superelevation   3-1/2",    Gage    56-1/2" 
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FIGURE  8 

GREAT  NORTHERN  RY. 

RAIL  SECTION  R.E.  115  LB.  STANDARD  CARBON 


Division   Kalispell 


Inspection  Date    8-1-63 


CH  1160  -  B9 
LOW  RAIL 


Laid  June,   1955 
Near  Camden,  Wash 


GAGE 


M.P.     1443,  Curve  No.    705,    Degree    5°, 


Superelevation    3-1/2",    Gage    56-1/2" 


GAGE 


M.P.    1443,  Curve  No.    705,    Degree    5°, 

Superelevation    3-1/2",    Gage  56-1/2" 
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115  RE  Fully  Heat-Treated  Rails 

This  installation  of  115  RE  fully  hi-at-tri-ated  rail  on  tin-  (ircat  Xoithcrn  Railway 
curve  20  is  extensively  described  in  the  AREA  Proceedings,  Vol.  57,  pages  837-850  and 
Vol.  63,  pages  540-543.  On  May  17,  1961,  after  384  million  gross  tons  of  traffic,  this 
rail  was  transposed.  During  the  September  1962  inspection  it  was  observed  that  in  the 
transposed  position  a  good-as-new  condition  of  of  both  the  high  and  the  low  rail  had 
been  established. 

During  the  September  1963  inspection,  after  444  million  gross  tons  of  traffic  had 
passed  over  them,  a  condition  of  light  to  medium  flaking  was  noted  on  2i  of  the  rails, 
and  only  3   rails  had  head  checks.  The  rails  were  well  lubricated. 

The  gage  corner  of  the  low  rail  had  not  changed  from  the  condition  observed 
in  1961. 

115  RE  Columbium-Treated  Rail 

The  test  of  the  115  RE  columbium-treated  rail  on  the  Great  Northern  Railway 
curve  22  is  extensively  described  in  the  AREA  Proceedings,  Vol.  63,  pages  533-535. 
This  4-deg  curve  had  a  previous  history  of  shelHng  with  standard  rail.  Eight  of  the 
columbium-treated  rails  were  installed  on  the  high  side  and  seven  on  the  low  side. 

At  tJie  September  24,  1963,  inspection  after  45  million  gross  tons  of  traffic,  the 
following  conditions  were  noted:  on  rail  C-9,  receiving  end,  light  flaking;  and  on  rail 
A-9,  a  shell  3  ft  from  the  receiving  end.  A  light  lip  on  the  low  rail  and  a  slight  bead 
on  the  high   rail  were  also  noted.  The  rails  were  well  lubricated. 


NORFOLK  &  WESTERN   RAILROAD   SERVICE  TEST  OF   132-LB   FULLY 
HEAT-TREATED   RAIL 

6-Deg  Curve  West  of  Kermit,  W.  Va. 

The  original  test  of  fully  heat-treated  versus  non-heat-treated  rails  installed  May  3, 
1949,  in  the  6-deg  curve  just  west  of  Kermit,  W.  Va.,  was  practically  concluded  as  of 
May  23,  1962.  As  covered  in  our  report  of  the  May  11,  1960,  inspection  the  remaining 
7  of  the  original  12  fully  heat-treated  rails  in  the  high  side  of  this  curve  were  removed 
on  May  23  1960,  after  more  than  11  years  of  service,  having  carried  449,600,000  gross 
tons  of  traffic.  The  third  set  of  comparative  non-heat-treated  rails  were  installed  during 
the  life  of  the  original  heat-treated  high-side  rails. 

Ten  of  the  original  11  heat-treated  rails  remained  in  the  low  side  of  this  curve 
at  the  time  of  the  l'^62  inspection.  One  rail  had  been  removed  from  service  in  October 
1953,  because  of  a  bad  engine  wheel  burn  and  two  other  rails  were  badly  marked  by 
wheel  burns  but  remained  in  service.  By  May  1,  1962,  these  low-.side  heat-treated  rails 
had  carried  495,100,000  gross  tons  of  traffic  and  looked  better  than  the  adjacent  fifth 
set  of  non-heat-treated  comparative  rails.  Batter  and  crushing  at  both  ends  of  each 
rail  had  been  corrected  by  welding. 

In  favor  of  a  1962  rail  laying  program  throughout  this  curve,  it  was  decided  that, 
for  all  practical  purposes,  the  test  could  be  concluded,  and  it  was  expected  that  the  10 
remaining  low-side  fully  heat-treated  test  rails  would  be  replaced  with  new  fully  heat- 
treated  rails  during  the  summer  of  1962.  However,  at  the  time  of  the  1963  inspection 
on  May  15,  8  of  the  original  11  low-side  fully  heat-treated  rails  were  still  in  .service, 
the  two  rails  which  were  badly  marked  by  wheel  burns,  as  noted  above,  having  been 
removed.  The  8  remaining  rails  appeared  to  be  in  reasonably  good  condition  and  .showed 
far  le.ss  wear  and  deformation  than  might  be  expected  after  such  extensive  .service. 


596 Rail 

Approximately  538,700,000  gross  tons  of  traffic  had  passed  over  these  8  low  side 
rails  in  the  14  years  to  May  1,  1963.  This  reflects  a  service  life  ratio  approaching  7  to  1 
in  favor  of  fully  heat-treated  rails  over  non-heat  treated  rails  in  this  location. 

6-Deg  Curve  at  Maher,  W.  Va.,  M.  P.  N481  -f-  210  Ft 

Sixty-six  fully  heat-treated  rails  were  installed  in  both  the  high  and  low  sides 
of  the  6  deg  curve  at  Maher,  W.  Va.,  on  August  2  and  9,  1954.  On  September  21,  1959, 
after  the  rails  were  in  service  over  5  years  and  had  carried  168,900,000  gross  tons  of 
traffic,  they  were  transposed,  high  rails  to  the  low  side  and  low  rails  to  the  high  side  of 
the  curve. 

As  reported  previously  3  of  the  66  original  high-side  rails  were  removed  from  service 
prior  to  the  transposition  because  of  the  development  of  detail  fracture  from  shell- 
ing. Thus,  only  63  heat-treated  test  rails  were  relocated  in  the  low  side  of  the  curve. 
Two  low-side  rails  were  not  reinstalled  in  the  high  side  during  the  transposition.  These 
two  rails  were  used  elsewhere.  Four  rails  on  the  high  side  and  four  on  the  low  side 
at  the  east  end  of  the  curve  were  removed  from  service  during  a  derailment  in  the  area 
in  1962.  This  reduced  the  number  of  fully  heat-treated  rails  in  the  high  side  of  the 
curve  to  60  and  in  the  low  side  to  59.  By  the  time  of  the  May  IS,  1963,  inspection 
the  rails  in  their  transposed  positions  had  carried  an  additional  129,800,000  gross  tons 
of  traffic,  making  a  total  of  298,700,000  gross  tons. 

The  service  developments  previously  observed  in  the  63  high-side  rails,  of  course, 
no  longer  are  of  note  in  the  rails  in  their  present  transposed  position.  The  mild  crushing 
previously  noted  on  the  top  of  the  head  of  three  low  side  rails  (87062-C16  and  D2 
and  88059-H3)  was  still  noticeable  in  their  high-side  positions,  but  the  condition  is 
cleaning  up  more  with  each  year  of  service. 

The  field-side  corner  of  the  head  of  the  former  low  rails  had  developed  a  mild  fin 
of  plastically  deformed  metal  which,  of  course,  has  been  in  for  considerable  work 
since  the  transposition  to  the  high  side.  This  fin  has  for  the  most  part  been  ground 
away  by  the  wheels,  and  the  gage  corner  is  assuming  a  contour  normal  in  high-side 
rails.  Head  checks  and  various  degrees  of  flaking  were  noted  as  follows  during  this 
1963  inspection: 

Head  checks  (only) 12  rails 

Light  flaking 32  rails 

Medium  flaking 6  rails 

Heavy  flaking 4  rails 

Clear 6  rails 

Total 60  rails 

One  rail  (87062-D  11)  had  a  heavy  wheel  burn  at  midrail.  No  evidence  of  shelling 
in  any  form  was  noted. 

The  low  side  rails  appeared  to  be  in  excellent  condition.  Most  of  the  rail  ends  had 
been  built  up  by  welding  and  all  appeared  in  good  shape.  Two  rails  were  marked  by 
wheel  burns    (81033-D4  and   87062-G13). 

It  is  obvious  that  the  transposition  will  considerably  extend  the  life  of  these  fully 
heat-treated  rails  which,  prior  to  the  transposition,  had  given  better  than  two  times 
the  life  of  previous  regular  rails  in  this  curve. 

Compound  4-  7-  12-deg  Looney's  Curve,  M.  P.  N44  +  582  Ft 

Fity-five  fully  heat-treated  rails  were  laid  in  the  high  side  and  54  in  the  low  side 
of   this  compound  curve  on  August  2   and  9,   1954.  The  report  of  the  May   11,   1961, 
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inspection    reflected    progression    of    the    service    developments,    particularly    in    the    high 
side  of  the  curve. 

In  September  1961,  the  test  rails  in  the  high  side  of  the  curve  were  replaced  with 
new  fully  heat-treated  rails.  Thus,  after  85  months  the  service  life  of  these  heat-treated 
test  rails  came  to  an  end  in  this  location  where  previously  installed  non-heat-treated 
rails  lasted  only   15   to   18  months   (a  high-side  service  life  ratio  approaching  5   to   1). 

Up  to  the  time  of  the  1961  inspection,  about  half  of  the  heat-treated  rails  in  the 
low  side  of  the  curve  had  resisted  the  heavy  crushing  common  in  such  locations,  while 
others  showed  deformation.  There  appeared  to  be  little  change  in  these  low  rails  to  the 
time  of  this  May  15,  1963,  inspection.  Approximately  256,500,000  gross  tons  of  traffic 
have  passed  over  these  rails  in  the  105  months  since  installation.  Previously  installed 
non-heat-treated  rails  lasted  about  6  to  9  months  in  this  curve  (a  low-side  service  life 
ratio  of  about  12  to  1  to  date). 

PENNSYLVANIA    RAILROAD   SERVICE   TESTS 

140  RE   High-Silicon  Rail 

This  test  installation  cf  high-silicon  140  RE  rail  is  located  in  the  Pennsylvania 
Railroad  Altoona  District  No.  4  track,  east  of  Mifflin,  Pa.,  between  M.P.  152  and 
M.P.  153  -f  2530.  The  test  rails  are  installed  in  the  5-deg  Mifflin  reverse  curve,  in  the 
3-deg  15-min  Stone  House  curve,  and  in  the  2-deg  Casners  curve  in  alternating  groups 
of  three  high-silicon  and  three  standard  high-carbon  rails  on  both  the  high  and  low 
sides  of  the  curves. 

This  installation  has  been  previously  described  in  the  .\RE.\  Proceedings,  Vol.  58, 
page  962  and  Vol.  60,  pages  872  and  873. 

At  the  June  12,  1963,  inspection  243  million  gross  tons  had  passed  over  it.  It  was 
noted  that  the  high-silicon  rail  had  no  black  spots  or  shelling.  A  general  condition 
of  light  to  medium  flaking  was  observed.  The  curve  wear  was  heavy  on  the  Mifflin 
reverse  curve  and  medium  on  the  others.  The  standard  carbon  rail  showed  a  higher 
degree  of  wear  and  had  seven  rails  with  black  spots  and  shelling  compared  to  four  rails 
in  1962.  The  condition  of  the  old  shells  were  the  same  on  Heat  07H294-F-5  as  in  1962 
on  the  center  of  Stone  House  curve.  The  shell  on  B-1  in  the  same  curve  is  more 
prominent.  Rail  C-4  and  C-6  on  Casners  curve  have  an  additional  shell  each.  On  rail 
B-6  the  middle  black  spot  of  the  three  observed  in  1962  has  been  worn  away  but  the 
crack  is  still  present.  The  new  shells  were  observed  on  rails  of  Heats  16H302-D-10, 
07H394-B-19,  and  07H294-E-2.  They  occurred  on  the  middle  of  Casners  curve. 

The  low-rail  condition  of  light  to  medium  head  flow  and  crushing  was  the  same 
on  both  the  high-silicon  and  standard  carbon  rail.  Due  to  the  excessive  wear  on  the 
5-deg  Mifflin  reverse  curve  the  rail  will  be  replaced  in  the  near  future.  At  the  same 
time  the  rails  on  the  3-deg  l5-min  curve  of  Mifflin  reverse  will  be  transposed. 

The  observations  at  this  inspection  indicate  that  at  243  million  gross  tons  the  high- 
silicon  rail  shows  a  greater  resistance  to  shelling  than  the  standard  carbon  rail. 

Service  Test  No.  642  of  155  PS  High-Silicon  Rails 

On  June  12,  1963  an  in.spection  was  made  of  the  155  PS  high-silicon  rails  produced 
at  Steelton  in  September  1953  and  installed  by  the  PRR  October  5-9,  1953  in  the 
No.  1  eastbound  track  in  the  2-deg  37-min  Bixler  curve  east  of  Lewiston,  Pa.,  at 
M.P.  164. 

The  high-silicon  rails  made  from  heat  86N594  were  laid  in  groups  of  five  alternately 
with  groups  of  five  rails  of  standard  analysis   (blue  ends)   starting  in  the  tangent  just 


598 Rail 

west   of   the   curve.   All    of   (he    rails   were   end   hardened   at    Steelton.   The    ladle   analyses 
of  the  heats  in  the  test  follows: 

r  M„.  P  S                 Si 

Higli  silieoii  8()N4!)5       0.7'.)  0.72  0.01  0.(W4  0.59 

High  carbon  87N46(i 0.78  0.8()  0.02  0.028  0.14 

High  carbon  90 N479 0.78  0.8G  0.02  0.02(5  0.15 

On  January  19  and  20,  1959,  the  test  rails  cast  of  joints  No.  406  (low  side)  and 
No.  407  (high  side)  were  transposed.  The  rails  west  of  joints  406  and  407  arc  in  the 
entering  spiral  and  tangent  before  the  curve  and  have  not  shown  any  evidence  of  flaking 
or  crushing.  The  total  gross  tonnage  over  these  test  rails  since  installation  is  31.5,000,000, 
of  which  184,000,(X)0  gross  tons  had  accumulated  prior  to  transposition  and  131,000,000 
gross  tons  since. 

All  the  rails  at  full  elevation  in  the  curve  showed  flaking  to  some  degree  through- 
out their  length,  with  a  few  areas  showing  rather  heavy  flaking.  In  comparing  the 
current  conditions  with  those  of  the  1962  inspection,  it  was  noted  that  the  degree  of 
flaking  varied ;  in  a  few  cases  being  heavier  than  last  year,  but,  in  perhaps  more 
instances,  appearing  Hghter  this  year.  At  the  same  time  an  increase  in  the  amount  of 
curve  wear  was  readily  noted. 

Generally  it  appeared  at  this  time  that  the  size  and  depth  of  the  flaked  areas  in 
the  high-silicon  rails  was  less  than  in  the  standard-analysis  rails.  Such  apparent  trends 
previously  recorded  have  often  been  reversed  by  more  service.  It  will  be  interesting 
to  see  if  this  comparative  trend  remains  through  future  inspections. 

Areas  of  mild  crushing  which  occurred  while  the  rails  were  in  the  low  side  of  the 
curve  may  still  be  noted  in  several  of  the  standard-analysis  high-side  rails.  The  gage 
was  checked  at  several  points  and  was  found  to  be  up  to  57  in  (J^  in  wide).  There 
was  no  noticeable  lubrication  on  the  high  rails  throughout  the  curve. 

It  should  be  noted  that  no  shelly  spcts  have  developed  in  either  the  high-silicon 
or  standard-analysis  rails.  Consequently,  the  only  difference  between  the  two  types 
of  rail  would  lie  in  the  wear  pattern. 


Appendix   8-b 

Shelly  Rail   Studies  at  the  University  of  Illinois 

By  R.  E.   CRAMER 

Research    Associate    Professor,    University    of    Illinois 

Organization   and   Acknowledgment 

The  shelly  rail  investigation  at  this  laboratory  is  financed  by  the  research  depart- 
ment of  the  Association  of  American  Railroads. 

Marion  Moore,  mechanic,  has  repaired  and  operated  the  rolling-load  machines 

Rolling-Load  Tests  of  Induction  Hardened  Rails  from  Japan 

In  our  report  printed  in  AREA  Proceedings,  Vol.  61,  pages  874-877,  rolling-load 
tests  are  reported  to  produce  shelling  in  SO-kg  (100-lb)  rails  induction  hardened  by  a 
process  described  in  that  report,  which  was  developed  by  the  Japanese  National  Rail- 
ways. The  rolling-load  tests  ran  only  512,400  and  718,300  cycles  to  develop  shelling 
failures.  Those  small  rails  contained  only  0.65  percent  carbon,  and  the  writer  recom- 
mended that  better  results  would  be  obtained  on  larger  rails  with  higher  carbon  con- 
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tent.  Recently,  the  same  company,  The  Yawata  Iron  and  Steel  Co.,  Ltd.  of  New  York, 
submitted  two  more  specimens  of  119-lb  section,  with  0.72  percent  carbon  content. 
They  were  induction  hardened  throughout  the  rail  head  the  same  as  the  previous  .speci- 
mens. Brineli  tests  and  mechanical  tests  on  both  specimens  are  shown  in  Fig.  4  of 
last  years  report,  AREA  Proceedings,  Vol.  64,  page  541. 

Rolling-load  tests  have  now  been  completed  on  two  specimens  from  rail  1223  and 
one  specimen  from  1224  as  shown  in  Table  1.  The  three  specimens  ran  1,580,000, 
3,791,000  and  2,773,000  cycles.  Pictures  of  the  shelling  cracks  produced  are  shown  in 
Fig.   1.  These  results  are  in  line  with  what  was  expected  for  induction-hardened  rails. 

Similar  induction-hardened  rails  are  now  being  produced  by  the  United  States  Steel 
Corporation,  and  arrangements  have  been  made  for  Mr.  Kannowski  at  AAR  Research 
Center  in  Chicago  to  make  rolling-load  tests  of  them. 

Rolling-Load  Tests  of  115-Lb  Standard  Carbon  Steel  Rail 

Rail  1228  was  supplied  for  a  check  on  a  llS-lb  standard  carbon  steel  rail.  As 
shown  in  Table  1  the  two  specimens  ran  3,630,000  and  2,496,000  cycles,  which  are 
very  high  tests  for  standard  carbon  steel  rails.  The  crack  produced  in  1228B  is  shown 
in  Fig.  1.  Only  a  small  surface  crack  was  found  in  specimen  1228A.  There  has  been  a 
large  increase  in  the  rolling-load  cycles  required  to  produce  shelling  in  the  more  recent 
standard  carbon  steel  rails  tested.  The  writer  considers  that  this  represents  higher 
quality  steel  rails. 

Rolling-Load  Tests  of   100-Lb  Continuous-Cast  Rails  from  France 

Mr.  Kannowski  furnished  a  rail,  No.  1229  in  Table  1,  which  is  about  100-lb  section 
with  248  Brineli  hardness.  It  was  made  from  a  continuous-cast  ingot  cast  in  France 
and  sent  to  Germany  to  be  rolled  into  rails.  The  first  specimen  from  this  rail  failed  at 
1,163,200  cycles,  and  the  second  specimen  at  2,891,000  cycles.  Fig.  1  shows  the  A 
specimen  with  a  surface  crack  only  %  in  deep. 

The  reason  for  testing  continous-cast  rails  was  to  explore  the  chance  that  the  inclu- 
sions in  continuous-cast  9-in  square  blooms  might  be  smaller  and  more  evenly  dis- 
tributed than  in  standard  rails.  The  latter  are  cast  in  24-in  square  ingots  which  solidify 
rather  slowly  allowing  impurities  to  segregate  in  the  ingot.  The  individual  inclusions 
found  in  Rail  1229  were  as  large  as  the  average  found  in  American  rails,  but  they  were 
not  found  in  segregation  streaks. 

It  may  be  significant  that  neither  specimen  started  shelling  cracks  some  distance 
from  the  gage  side  as  usually  happens  with  American  rails.  It  is  not  advisable  to  com- 
pare the  results  from  this  rail  with  standard  American  rails  because  the  carbon  content 
was  only  0.66  percent  and  the  Brineli  hardness  was  only  248,  so  considerable  flow  of 
the  metal  in  the  rail  head  developed  rather  fast. 

Some  American  steel  mills  are  recently  installing  continuous  casting  of  blooms, 
and  sometimes  in  the  future  it  may  be  possible  to  test  continuous-cast  rails  produced 
from  standard  American  rail  composition. 

Rolling-Load  Tests  of  Flame-Hardened  Rails 

The  Southern  Pacific  Company  furnished  four  rails  flame-hardened  by  a  commer- 
cial company.  The  first  of  these  tested  is  No.  1231,  Table  1,  which  was  of  high-silicon 
content.  It  had  a  Brineli  hardness  of  390.  The  A  specimen  shown  in  Fig.  1  failed  at 
1,005,800  cycles  and  the  B  specimen  at  3,834,000  cycles.  More  experimenting  would 
seem  necessary  before  a  satisfactory  method  of  flame-hardening  high-silicon  rails  can 
be  recommended. 
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Fig.    1 — Shelling   failures   produced   in   rolling-load   tests. 


.1  veragc  Cycles 

Specimen  Hrinell  of  50,000-Lb 

Number                                 Size  and  Kind  of  Rail  Hardness  Wheel  Load 

1223A  1 19  II)  iiiductioii-haideiicd  Japiiticse  rail                        330  1  ,580,600 

1223H  I  l«.)  II)  iiKluctioii-haideiicd  Japam-se  rail.                      330  3,791  ,900 

1224A  1  !•»  lb  indiK-tioii-hardened  Japanese  rail 320  2,773,000 

1228B  115  II)  standard  carbon  rail 270  2,49«,0()0 

1229A  100  lb  continuous-cast  rail 248  1,1(53,000 

1231A  136  lb  flame-hardened  Hi-Si  rail 390  1,005,800 
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The  next  three  specimens  of  flame-hardened  rails  were  a  series  all  from  the  same 
rail,  flame-hardened  at  various  rates  of  moving  the  heating  and  quenching  equipment 
along  the  rails. 

No.  1232  heated  24  in  per  min,  depth  of  hardened  zone  %  in. 
No.  1233  heated  22  in  per  min,  depth  of  hardened  zone  ■><<  in. 
No.   1234  heated  20  in  per  min,  depth  of  hardened  zone  J/>  in. 

Fig.  2  shows  the  Rockwell  C  hardness  produced  in  each  rail.  The  ma.ximum  hard- 
ness of  each  is  35  Rockwell  C  or  350  Brineil  hardness.  Table  1  gives  the  results  of 
rolling-load  tests,  and  only  the  specimen  heated  at  24  in  per  min  gave  rolling-load  tests 
of  over  2  million  cycles  while  the  other  four  specimens  failed  under  one  million  cycles 
each.  The  shelling  cracks  produced  in  one  rail  from  each  series  is  shown  in  Fig.  3. 

The  writer  would  not  expect  such  a  difference  in  rolling-load  tests  between  the 
different  rates  of  heating.  Certainly  more  tests  should  be  made  before  drawing 
conclusions. 

Rolling-Load  Tests  of  Flame-Hardened   Rails 
Produced  at  Dominion  Steel  Company 

The  Dominion  Steel  and  Coal  Corporation  of  Sydney,  Nova  Scotia,  in  1961  started 
flame-hardening  of  rails  for  the  Quebec  North  Shore  &  Labrador  Railway.  Their  method 
of  flame  hardening  is  similar  to  the  method  used  by  the  Union  Pacific  Railroad 
described  in  AREA  Proceedings,  Vol.  61,  pages  877  and  878. 

One  specimen,  No.  1235  in  Table  1,  was  supplied  for  rolling-lead  tests.  The  hard- 
ness pattern  is  shown  in  Fig.  4.  Only  one  rolling-load  test  has  been  completed.  It  ran 
3,857,000  cycles,  which  is  a  good  test  for  flame-hardened  rails  and  compares  favorably 
with  previous  tests  of  Union  Pacific  flame-hardened  rails.  The  shelling  crack  produced 
is  shown  in  Fig.  3. 

Rolling-Load  Tests  of  Used  Flame-Hardened  Rail 

A  flame-hardened  rail  on  the  Union  Pacific  Railroad  failed  by  detail  fracture  from 
shelHng.  J.  A.  Bunjer,  chief  engineer  of  the  UP  wanted  a  quick  test  made  to  determine 
how  much  service  remained  in  such  a  rail.  He  supplied  two  specimens  from  this  rail 
for  laboratory  rolling-load  tests. 

The  hardness  pattern  of  this  rail  is  shown  in  Fig.  4,  rail  No.  1236.  As  shown  in 
Table  1  this  specimen  ran  1,773,000  cycles  and  was  in  good  condition  when  this  inves- 
tigation was  stopped  to  move  the  rolling  machines  to  AAR  Research  Center  in  Chicago. 

This  rail  was  one  of  ten  133-lb  rails  rolled  by  CF&I  in  1957,  flame-hardened  by 
Racor  at  Pueblo,  and  installed  in  track  near  Medicine  Bow,  MP  627,  westbound,  August 
1958.  These  rails  were  installed  on  a  3-deg  58-min  curve,  five  on  the  high  side  and  five 
on  the  low  side. 

Mr.  Bunjer  reports  that  the  rail  in  question  failed  in  January  this  year  from  a 
20  percent  detail  fracture  from  shelling,  and  the  track  at  this  location  had  carried 
approximately  124  milHon  gross  tons.  Of  the  ten  rails  originally  installed,  four  have 
been  removed  on  account  of  development  of  detail  fractures  from  shelling,  all  of  which 
were  located  on  the  high  rail  and  found  by  a  detector  car. 

Contours  of  the  Racor  flame-hardened  rails  taken  from  time  to  time  indicated  that 
the  rails  resisted  flow  and  abrasion  very  well. 

The  flame-hardening  process  used  by  the  Union  Pacific  now  differs  considerably 
from   that  used   for  the  above  described  rails,  resulting  in  a  much  better  performance. 
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Fig.  2 — Rockwell  C  hardness  tests  of  a  series  of  flame-hardened  rails 


1232..  Iicatcd  21  in  per  iniii,  dcpfh  of  li.-inlciK'd  /one  '4  in. 

123!?..  Iicatcd  22  in  pci-  niin,  dci)tli  of  liaidcncd  zone  ■* s  in. 

1234 ..    ^    .    _      iicatcd  20  in  jxT  niin,  dcptli  of  lianlcncd  zone  '-jin- 
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Fig.    3 — Shelly   failures  produced   in  rolling-load   tests. 


Specimen 

Number 

1232B 
1233B 
I2:34B 
1235  A 


Size  ami  Kind  of  Kail 


Average 
Brinell 
Hardness 


136-lb  ti;ime-haidened  rail 350 

1 36-lb  flame-hardened  rail 350 

136-lh  flame-hardened  rail 350 

132-lb  flame-hardened  rail 350 


Cycles 

of  50,000-Lb 

Wheel  Load 

3,776,000 
888,500 
495,000 

3,857,000 


Summary 

1.  Three  rolling-load  tests  of  induction-hardened  rails  from  Japan  averaged 
2,715,000  cycles. 

2.  Two  rolling-load  tests  of  a  standard  carbon  llS-lb  rail  averaged  3,063,000  cycles. 

3.  Two  roUing-load  tests  of  100-lb  continuous-cast  raU  from  Europe  averaged 
2,027,000  cycles. 

4.  Two  rolHng-load  tests  of  flame-hardened  high-silicon  rails  are  reported,  in 
which   the   rails  failed  at   1,005,800  cycles  and  3,834,000  cycles. 

5.  Rolling-load  tests  of  a  series  of  rails  flame-hardened  at  different  speeds  are 
reported.  One  group  averaged  2,947,000  cycles  and  the  other  two  groups  all  failed  at 
less  than   1,000,000  cycles. 

6.  Rolling-load  tests  on  one  flame-hardened  specimen  from  Dominion  Steel  Co. 
ran  3,857,000  cycles. 

7.  A  rolling-load  test  of  a  flame-hardened  rail  that  had  carried  124  million  tons 
of  traffic  was  stopped  at  1,772,000  cycles  because  this  investigation  was  ended.  The 
test  may  be  continued  at  AAR  Research  Center  in   Chicago. 
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Fig,  4 — Rockwell  C  hardness  of  flame-hardened  rails. 


Specimen 
Number 


1235. 
1236. 


Size  and  Kind  of  Rail 

132-11)  flaine-haidoiR'd  by  Dominion  Steel  Co. 

Used  133-11)  flame-hardened,  with  124  million  gross  tons  of  traffic 
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Report  on  Assignment  9 

Standardization   of   Rail   Sections 

T.  B.  Hutchcson  (chairman,  .subcommittee),  S.  H.  Barlow,  B.  Bristow,  J.  A.  Bunjer, 
T.  F.  Burris,  M.  W.  Clark,  C.  J.  Code,  C.  A.  Colpitts,  W.  J.  Cru.se,  O.  E.  Fort, 
C.  E.  R.  Haijiht  C.  J.  Henry,  C.  C.  Hcrrick,  B.  R.  Meyers,  C.  E.  Morgan,  E.  Osland, 
G.  L.  P.  Plow,  R.  C.  Postels,  D.  H.  Shoemaker,  H.  F.  Smith,  E.  H.  Waring, 
W.  L.  Young. 

During  the  past  year  your  committee  secured  information  from  rail  mills  as  to 
sections  rolled  during  the  calendar  year  1962  by  Canadian  and  United  States  mills, 
and  a  tabulation  of  that  information  is  included  herewith. 

It  will  be  noted  that  388,443.9  tons,  or  70.84  percent,  of  Ihe  total  rail  rolled  was 
in  the  sections  recommended  by  the  AREA  for  purchase,  and  30.06  percent  was  rolled 
in  the  115  RE,  132  RE  and  136  RE  sections.  The  only  sections  rolled  in  substantial 
quantities  other  than  the  recommended  sections  are  136-lb  NYC,  133-lb  AREA,  100-lb 
ARA-A  and  100-lb  RE-HF.  These  sections  comprise  22.21  percent  of  the  total  rolled, 
and  generally  represent  purchases  by  one  road  for  each  of  these  sections. 

This  report  is  submitted  as  information. 

Rail  Rolled  By  Weight  and  Sections 


Weiuht 

Section 

Tons  RolUd 

PcrrenI  of  Total 

140* 

AREA 

31,69f..O 

5.779 

13(i* 
13<> 

AREA 

NYC 

98..545.() 
18,0f!0.0 

17.968 
3.293 

13.3 

AREA     

26,672.9 
63.706.3 

4.117.6 

4.863 

132* 

AREA . 

11 .616 

131 

AREA 

.75] 

130 

A  REA     

1,975.0 
1,607.0 
4,577.0 

.360 

130 

PS 

.  293 

130 

REHF 

.835 

119* 

CF&I 

30,779.7 

5.612 

115* 

AREA 

112.260.0 

20.469 

112 

AREA-.   -,. 

1.481.2 

.270 

IOC)* 

CF&I 

259.8 

.047 

105 

Dudley 

400.0 

.073 

100 

ARA-B  - 

525.0 

55.038.0 

41,487.1 

1.1.55.0 

700.0 

22,065.0 

8,405.0 

.  096 

100 

ARA-A 

10.035 

100* 
100 

AREA 

PS       - 

7 .  565 
.211 

100 
100 
100 

ASCE 

REHF 

CPR[HF1 

.128 
4.023 
1..5.33 

90* 

ARA-A  - 

9 ,  709 . 4 
100.0 

1.770 

90 

ASCE 

.018 

85 
85 

ASCE 

CPR 

2,750.0 
9,911.0 

..501 
1.807 

80 

ASCE 

461.0 

.084 

Total 

548 , 444 . 6 

100.000 

♦Sections  recommended  for  purchase  (see  page  4-M-2  of  the  .\KE.\  Manual.) 
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Report  on  Assignment   10 

Service  Performance  and  Economics  of  78-Ft  Rail 
Specifications  for  78-Ft  Rail 

Collaborating  with  Committee  5 

A.  P.  Talbot  (chairman,  subcommittee),  W.  D.  Almy,  S.  H.  Barlow,  H.  B.  Berkshire. 
R.  M.  Brown,  J.  A.  Bunjer,  R.  E.  Catlett,  J.  T.  CoUinson,  W.  J.  Cruse,  O.  E. 
Fort,  J.  H.  Greason,  Jr.,  J.  C.  Jacobs,  H.  W.  Jenkins,  R.  R.  Lawton,  F.  R. 
Micheal,  H.  R.  Moore,  J.  S.  Parsons,  G.  C.  Pavne,  R.  B.  Rhode,  J.  G.  Roney, 
G.  L.  Todd,  J.  S.  Wearn,  C.  E.  Weller. 

This   is   a   progress   report,   submitted  as  information. 

Cost  data  on  the  three  test  stretches  of  78-ft  rail  on  the  Pennsylvania  Railroad, 
which  were  installed  in  1950,  have  been  maintained  and  are  presented  herewith.  Re- 
formed joint  bars  were  applied  to  the  140-lb  rail  at  Coshocton,  Ohio,  in  1961,  after 
approximately  285  million  gross  tons  of  traffic  and  to  the  155-lb  rail  at  Ryde,  Pa.,  in 
1962   after   approximately   475   million   gross   tons  of   traffic. 

Comparative  maintenance  cost  of  the  78-ft  rail  with  the  adjacent  39-ft  rail  laid 
at  the  same  time,  to  December  .M,  1062,  after  a  little  more  than  12  years  service  is  as 
follows: 


loS-Lb 

lJ,0-Lb 

133-U) 

A  riragc 

78-Ft       S9-Ft 

78-Ft            30-Fl 

78-Ft        39-Ft 

78-Ft        39-Ft 

Million  GT 

495 
3089         2334 

.f7fi88     .S(1093 

.«  (141     .$  508 

.S+133 

315 

4729              5(184 

«1 1(109     .$14209 

S     9(17     .«   1184 

.«— 217 

129 

3144          .372(1 

$7555     .$8959 

$  (1.30     $  747 

.$—117 

313 
3(1.54          3915 

Cost  of  labor  and  material 

Cost  per  mile  per  year 

$8951      .$9754 

$  74(1     $  813 

$  —(17 

An  average  rate  of  $2.40  per  man-hour  was  used  to  convert  the  man-hours  to 
money  in  this  tabulation. 

The  relative  high  maintenance  cost  of  the  ISS-lb  78-ft  rail  is  thought  to  be  due 
to  soft  subgrade  through  the  78-ft  rail  stretch.  However,  the  lower  overall  maintenance 
cost  on  this  stretch  is  due  to  its  being  a  50  mph  freight  track,  while  the  other  locations 
are  high-speed  passenger  tracks. 

The  small  difference  in  maintenance  cost  to  date,  even  after  one  change  in  joint 
bars,   does   not   justify   a   final   conclusion   at   this   time. 


No  field  measurements  by  the  .^AR  research  staff  on  the  test  stretches  of  78  ft 
rail  at  Hamlet,  Ind.  on  the  PRR,  and  Monee,  111.  on  the  Illinois  Central  were  made 
during  the  year.  It  is  planned  to  take  joint  gai)  and  batter  measurenunls  on  these 
stretches  in  1964. 
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Those    whose    names   are    set    in    bold-face    type    constitute    the    Engineering    Division,    AAR,    Special 
Committee   on    Continuous  Welded   Rail. 

To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

1.  Fabrication. 

Progress  report,  presented  as  information    page  610 

Part  1 — Development  of  Specifications   for  Fabricating  Continuous  Welded 

Rail,  submitted  as  information    page  610 

Part  2 — Investigation  of  Failures  of  Welded  Rails  at  the  University  of  Illi- 
nois,   submitted    as    information    page  61 1 

Part  3 — Investigation   of  Failures  of  Welded  Rails  at    the   AAR   Research 

Center,   presented   as  information    page  615 

2.  Laying. 

Progress  report,  presented  as  information    page  630 

Part  1 — Definition   of   Welded   Rail,  submitted   for  adoption    page  630 

Part  2 — Statistics,   submitted   as   information    page  630 

3.  Fastenings. 

Part  1 — Rail   Anchorage    Pattern    for    Continuous   Welded    Rail,    sul)mitted 

as   information    page  631 

Part  2 — Southern    Railway    System's    Use    of    Sliding   Joints,   submitted   as 

information     page  632 

4.  Maintenance. 

Brief   i)rogress   r('|)ort,   siibmillcd   as   informalion    page  636 
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5.  Economics. 

Progress   report,   supbmittcd   as   information    page  636 

6.  Welding  second-hand  rail. 

Report   on    an    investigation    of   welding    used    rail    without   cropping,   sub- 
mitted   as   information    page  6.^7 

The  Special  Committee  on  Continuous  Welded  Rail, 

W.  J.  Jones,  Chairman. 

.ARKA  Biilletn   584,   February   1964. 


Report  on  Assignment  1 

Fabrication 

A.  H.  Galbraith  (chairman,  subcommittee),  S.  H.  Barlow,  J.  E.  Campbell,  C.  O. 
Conatser,  L.  S.  Crane,  W.  J.  Cruse,  H.  C.  Fox,  C.  R.  Harrell,  J.  L.  Hodgkinson, 
W.  J.  Jones,  A.  B.  Lewis,  A.  S.  McRae,  C.  E.  Morgan,  S.  H.  Poore,  B.  R.  Prusak, 
M.  S.  Reid,  J.  R.  Zadra. 

Your  committee  presents  its  report  on  Assignment  1  in  three  parts.  Part  1  is  a 
progress  report  on  the  committee's  continuing  efforts  to  develop  specifications  for 
fabricating  continuous  welded  rail.  Part  2  winds  up  the  investigation  of  weld  failures 
that  has  been  conducted  at  the  University  of  Illinois  by  Professor  R.  E.  Cramer.  Pro- 
fessor Cramer  has  retired  and  this  work  has  been  discontinued  at  the  University.  It  will 
be  carried  on  instead  at  the  AAR  Research  Center.  Part  3  is  an  account  of  the  work 
that  has  been  done  at  the  center  since  Prof.  Cramer's  retirement.  It  was  prepared  by 
Kurt  Kannowski,  metallurgical  engineer. 


Part  1 

Development    of    Specifications    for    Fabricating 
Continuous   Welded   Rail 

Your  committee  is  continuing  its  efforts  to  establish  a  set  of  recommended  aline- 
ment  and  finishing  tolerances  for  continuous  welded  rail  which  are  economically  possible 
to  attain  with  presently  used  welding  and  finishing  machinery,  using  rail  as  rolled  by 
the  mills  under  present  finishing  specifications.  Your  committee  is  represented  on  a  Task 
Committee  from  Committee  4 — Rail,  which  has  completed  an  inspection  of  the  five 
rail-rolhng  mills  in  the  United  States.  The  Task  Committee's  main  interest  was  the 
finishing  operations  and  how  they  affect  rail  for  butt  welding.  It  will  report  its  observa- 
tions both  to  Committee  4 — Rail,  and  to  the  Special  Committee  on  Continuous  Welded 
Rail  for  further  study,  discussion  and  recommendations. 
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Part  2 

Investigation   of  Failures   of   Welded    Rails 
at   the   University   of   Illinois 

By  R.  E.  CRAMER 

Research    Associate    Professor,    University   of   Illinois 

Organization  and  Acknowledgment 

This  investigation  was  financed  by  the  Research  Department  of  the  Association  of 
American  Railroads. 

Failed   Welds   Received  for  Examination 

Only  three  failed  welds  were  sent  to  the  University  laboratory  for  examination 
since  the  last  report.  It  is  known  that  other  welds  failed,  but  some  were  sent  to  the 
AAR  Research  Center  in  Chicago.   [See  Part  3  of  this  report]. 

Description  of  Weld   1089 

This  failed  weld  was  supplied  by  the  Chicago  &  North  Western  Railway.  It  was  a 
service  failure  in  llS-lb  section  from  the  Gary  Mill  laid  in  1957  and  welded  by  the  gas 
butt-welding  process. 

Fig.  1  shows  the  fracture,  which  is  on  the  weld  line.  The  large  flat  area  in  the 
center  of  the  rail  head  was  an  area  of  poor  fusion  except  two  small  spots  which  had 
torn  apart,  leaving  rough  marks.  Radiating  out  from  the  f!at  area  are  lines  showing 
fatigue  growth  covering  most  of  the  head  area. 

On  the  flat  area  are  three  vertical  lines  which  are  considered  to  be  hot  saw  marks 
on  the  rail  end  which  were  not  entirely  removed  in  grinding  the  rail  for  welding.  It  is 
considered  that  this  failure  was  caused  by  an  area  of  poor  fusion  in  the  weld. 

Description  of  Weld  1090 

This  was  a  detected  failure  found  by  the  Chicago  &  North  Western  Railway  in 
115-lb  section  from  the  Gary  Mill  laid  in  1948  and  welded  by  the  gas  pressure  process. 
It  was  marked  as  a  medium-size  transverse  defect,  and  we  received  a  6-in  piece  of  the 
rail  with  the  defect  at  its  midlength.  Our  only  method  of  fracturing  such  a  short  piece 
to  expose  the  defect  was  to  saw  off  the  rail  head  and  make  transverse  saw  cuts  on  all 
four  sides  where  the  defect  was  marked,  which  was  on  the  weld  line. 

Fig.  2  is  the  fractured  piece ;  it  shows  a  rather  large  fatigue  area  with  a  dark  spot 
as  the  nucleus.  The  opposite  face  of  the  fracture  was  sawed  through  the  nucleus  area 
and  examined  with  a  micro.scope.  It  was  found  that  the  nucleus  had  no  depth,  so  it  was 
concluded  that  a  flake  of  mill  scale  had  gotten  between  the  rail  ends  when  they  were 
being  welded.  Such  a  weak  .spot  was  enough  to  cause  the  weld  to  fail  in  service. 

Description  of  Weld   1093 

This  failed  weld  was  supplied  by  Chicago  &  North  Western  Railway  and  was  in 
115-lb  section  from  the  Gary  Mill.  It  was  welded  by  the  electric-flash  method  and 
failed  soon  after  laying  in   1962. 

It  was  a  .service  failure  which  originated  as  a  horizontal  web  crack  at  midheight  of 
the  web.  .^t  the  time  of  final  failure  the  web  cracked  upwards  through  the  head  on  both 
.sides  of  the  weld  and  a  7-in  piece  of  the  head  broke  out.  Fig.  ^  shows  the  fractured 
pieces. 
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Fig.    1— Fracture  of  weld   1089. 
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Fig.    2 — Fracture    of    weld    1090    after    sawing. 


Fig.   3 — Fracture  of   weld    1093. 


Fig.  4 — Horizontal  fracture  of  web,  weld   1093,  etched  in  hot  HCl. 
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Fig.  4  shows  the  horizontal  fracture  of  the  web  after  it  was  etched  in  acid.  It  was 
a  sudden  fracture  compared  to  a  fatigue  fracture.  The  starting  point  appears  to  have 
been  at  the  weld  in  the  center  of  the  web.  This  fracture  has  a  woody  structure  at  the 
starting  point  which  may  have  been  caused  by  the  light  segregation  in  the  rail  webs. 
However,  there  must  have  been  serious  welding  strains  in  the  web  to  produce  the  first 
horizontal  crack. 

Bend  Tests  of  Welded  Rails 

Previous  reports  have  contained  the  results  of  bend  tests  of  welded  rails.  Thirteen 
more  bend  tests  are  included  in  this  report.  These  tests  are  made  on  full-section  rails  on 
supports  48  in  apart  and  loaded  at  two  places  6  in  on  each  side  of  the  weld  line.  The 
results  of  these  bend  tests  arc  presented  in  Table  1. 


Table  1.    Bend  Tests  of  Welds  Made  in  1953 


Specimen 

Number 

Kind  of  Specimen 

Head 

or 

Base 

Down 

Maximum 

Load  Before 

Fracture 

lbs. 

Energy 

for 

Fracture 

Ft.   -  lb. 

Deflection 

at 

Fracture 

Inches 

Remarks 

1 

140  lb.  Std.  Rail 
MobU  Weld  Electric 

Base 

438,000 

41,660 

1.6 

Fractured  on  Weld  Line 
Good  Grain  Structure. 

2 

140  lb.  Std.   RaU 
MobU  Weld  Electric 

Base 

532,000 

155,400 

4.4 

Did  not  fracture. 

5 

136  lb.   Flame  Hard 
Std.  Electric  Weld 
by  S.  P.  R.   R. 

Base 

467,000 

67,910 

2.4 

Fracture  on  Weld  Line 
Good  Grain  Structure. 

6 

136  lb.  Flame  Hard 
Hi  Si  Electric  Weld 
by  S.  P.  R.   R. 

Base 

305,000 

8,750 

.6 

Fracture  on  Weld  Line 
Fracture  O.  K. 

14 

136  lb.   Flame  Hard 
Std.  Electric  Weld 
byS.  P.  R.   R. 

Base 

529,000 

140,000 

4.0 

Did  not  fracture. 

17 

136  lb.  Flame  Hard 
Std.  Electric  Weld 
by  S.  P.  R.   R. 

Base 

531,000 

140,000 

4.0 

Did  not  fracture. 

20 

136  lb.  Flame  Hard 
Std.  Electric  Weld  by 
S.  P.  R.   R. 

Base 

520,000 

140,000 

4.0 

Did  not  fracture. 

M-5 

127  lb.  Std.  Rail 
Induction  Weld  by 
N.  Y.  C.  R.  R. 

Base 

377,000 

39,600 

1.7 

Fracture  on  Weld  Line 
Coarse  Grain  Structure. 

M-7 

127  lb.  Std.  Rail 
Induction  Weld  by 
N.  Y.  C.   R.  R. 

Base 

299,000 

18,750 

1.0 

Fracture  on  Weld  Line 
Coarse  Grain  Structure. 

2 

112  lb.  Used  RaU 
Thermex  Weld  for 
C.  T.  A.* 

Base 

250, 000 

13,750 

1.0 

Fracture  In  weld  line 
No  defect  on  fracture 

13 

112  lb.  Used  RaU 
Thermex  Weld  for 
C.  T.  A. 

Base 

260, 000 

15,000 

1.0 

Fracture  on  Weld  Line 
No  defect  on  fracture. 

16 

112  lb.  Used  RaU 
Thermite  Weld  for 
C.  T.  A. 

Base 

242,000 

17,100 

1.2 

Fracture  on  Weld  Line 
Gas  pockets  on  fracture 

17 

112  lb.  Used  Rail 
Thermite  Weld  for 
C.  T.  A. 

Head 

249,000 

13,800 

1.0 

Fracture  on  Weld  Line 
Gas  pocket  on  fracture 

*C.  T.  A.    Chicago  Transit  Authority 
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Part  3 

Investigation   of   Welded   Rails  at   the  AAR 
Research  Center 

The  invcstifiation  of  welded  rails  has  been  discontinued  at  the  University  of  Illinois 
with  the  retirement  of  Professor  R.  E.  Cramer.  This  work  will  be  continued  at  the  AAR 
Research  Center  under  the  direction  of  G.  M.  Mapee,  director  of  engineering  research, 
and  by   Kurt   Kannowski,  metallurgical  engineer. 

The  following  report  covers  the  investigation  of  failed  butt  welds  submitted  to  the 
Research  Center  during  the  period  January  1,  1963,  to  October  31,  1963.  The  failures 
submitted,  shown  on  Table  1  and  Figs.  1  to  25,  incl.,  were  all  service  failures.  Two  were 
oxyacetylene  pressure  butt  welds  and  11  were  flash  butt  welds.  In  the  cases  of  the 
failures  due  to  pipe  from  heavy  segregations  and  those  due  to  fishtail,  macrographs  of 
etched  cross  sections  of  both  rails  adjacent  to  the  weld  were  obtained. 

Photographs,  respectively,  of  the  faces  of  the  fracture  and  of  an  etched  cross  sec- 
tion of  the  rail  that  had  the  defect  that  caused  the  failure  are  shown  on  Figs.  1  and  2, 
investigation  104,  on  Figs.  10  and  11,  investigation  109  B,  and  Figs.  14  and  15,  investi- 
gation 110.  The  heavy  segregation  in  the  "A"  rails  involved  opened  into  a  pipe  or  void 
during  the  upset  in  the  welding  process,  causing  the  failure. 

Figs.  5,  6  and  7  of  investigation  107  illustrate  a  combination  of  three  factors  that 
caused  an  unusual  failure — a  half-moon  break  starting  from  near  the  base  in  the  web 
and  going  into  the  head,  as  shown  in  Fig.  5.  Examination  of  the  bottom  of  the  base 
shown  on  Fig.  6,  reveals  a  shiny  surface,  indicating  a  bearing  area  had  existed  in  the 
center  of  the  weld  caused  by  not  grinding  the  weld  flush  with  the  base,  resulting  in  a 
rocking  condition  of  the  base.  This,  along  with  a  fishtail  condition,  started  a  progressive 
failure  from  the  void  at  "a"  on  Fig.  7  towards  the  heat  pattern  at  "b."  This  heat  pat- 
tern is  caused  by  heavy  grinding  when  the  weld  metal  is  cold.  This  condition  often  is 
subject  to  thermal  or  grinding  cracks.  Figs.  12  and  13.  investigation  109  C,  show, 
respectively,  the  fractures  at  a  weld  and  an  etched  cross  section  of  the  rail  with  the 
fishtail  that  caused  the  failure.  Fishtail  occurs  at  the  tail  end  of  the  bottom  rail  of  the 
ingot.  This  defect  is  due  to  insufficient  discard  on  the  bottom  of  the  ingot  during  the 
rolling. 

Figs.  8  and  9,  investigation  109  A,  show  the  effect  of  an  electrode  burn.  Such  a 
burn  is  caused  by  arcing  from  the  base  or  head  of  the  rail  to  the  electrode  due  to  small 
particles  of  oxid  that  had  not  been  cleaned  off  the  electrodes  or  head  of  the  rail.  The 
arcing  causes  a  small  area  of  the  rail  metal  to  melt  and  harden  to  600  BHX,  which 
makes  it  subject  to  failure. 

A  common  cause  of  failure  of  flash  butt  welds  is  the  inclusion  of  weld  spatter  on  the 
weld  face.  The  weld  spatter  is  the  highly  oxidized  metal  from  the  flash-off  that  at  times 
falls  on  the  weld  face  and  becomes  an  inclusion.  This  is  illustrated  on  Figs.  16  and  17, 
investigation   120,  and  Figs.  20  to  2i.  investigations  122  A  and   122  B. 

A  failure  that  is  not  common  in  flash  butt  welds,  but  which  does  occur  occasionally 
is  the  type  caused  by  hot  torn  weld  metal.  This  was  the  cause  of  the  failures  in  inves- 
tigation 121  and  123,  shown  on  Figs.  18,  19  and  24,  25.  The  hot  torn  weld  metal  failure 
is  caused  by  either  shearing  the  flash  metal  too  soon  after  the  upset  or  by  moving  the 
rail  when  trying  to  free  the  shear  blade  while  the  metal  is  in  a  plastic  state. 

(Text  continued  on  paf'e  617 ) 
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Fig.   1 — Investigation  No.  4 — Service  failure  of  a  flash  butt  weld  caused  by 
pipe  due  to  segregation  that  existed  in  the  rail  before  welding  (see  Fig.  2). 


Two  common  failures  that  occur  in  oxyacetylene  pressure  butt  uclds  are  illustrated 
on  Figs.  3  and  4,  investigations  106  A  and  106  B.  On  Fig.  3  it  can  be  observed  that 
the  lower  edge  of  the  base  is  blackened.  This  is  due  to  a  pop  out  of  the  burner  jet 
near  that  area  prior  to  the  up.sct.  This  blues  the  weld  face  and  prevents  forging  during 
the  upset.  On  Fig.  4  it  can  be  observed  that  the  head  area  is  not  fused.  This  occurs  at 
times  when  the  clamps  slip,  anrl  insufficient  forging  prevents  complete  fusion. 

(Text  continued  on  page  630) 
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Fig.  2 — Investigation  No.  4 — Etched  cross  section  of  the  rail  involved 
in  the  failure  pictured  in  Fig.  1,  showing  the  heavy  segregations  responsible 
for  the   failure. 


Continuous    Welded    Rail 


619 


Fig.  3 — Investigation  No.  106  A — Faces  of  the  fracture  of  an  oxy- 
acetylene  pressure  butt  welded  rail  joint  that  failed  in  service.  Failure  was 
due  to  a  pop  out  of  the  burner  jet. 


Fig.  4 — Investigation  No.  106  B — Faces  of  the  fracture  of  an  oxy- 
acetylene  pressure  butt  welded  joint  that  failed  in  service.  Failure  was  due 
to  incomplete   fusion  in  the  rail  head. 
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Fig.  5 — Investigation  No.  107 — Service  failure  of  a  flash  butt  welded 
joint  (see  Figs.  6  and  7). 


Fig.  6 — Investigation  No.  107 — Bottom  of  the  base  of  the  rail  shown 
in  Fig.  5.  The  weld  in  this  area  was  poorly  ground,  resulting  in  an  uneven 
bearing  on  the  tie  plate,  which  contributed  to  the  failure. 


Fig.  7 — Investigation  No.  107 — Etched  section,  near  the  base,  of  the 
failed  rail  pictured  in  Fig.  5,  showing  a  heat  pattern  and  void  in  the  weld 
metal  at  the  nucleus  of  the  failure. 
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Fig.  8 — Investigation  No.  109  A — Faces  of  the  fracture  of  a  flash  butt 
welded  rail  joint  that  failed  in  service  because  of  electrode  burns  (indicated 
by  the  arrows).  See  also  Fig.  9. 


Fig.  9 — Investigation  No.  109  A — Electrode  burns  (indicated  by  the  arrows) 
on  the  bottom  of  the  base  of  the  rail  shown  in  Fig.  8. 
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Fig.  10 — Investigation  No.  109  B — Faces  of  the  fracture  of  a  flash 
butt  welded  rail  joint  that  failed  in  service  because  of  pipe  due  to  segrega- 
tion that  existed  in  the  rail  before  welding  (see  Fig.  11). 


Fig.  11 — Investigation  No.  109  B — 
Etched  cross  section  of  rail  adjacent  to 
failed  weld  pictured  in  Fig.  10,  showing 
the  segregation  responsible  for  the  failure. 
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Fig.  12 — Investigation  No.  109  C — Faces  of  the  fracture  of  a  flash 
butt  welded  rail  joint  that  failed  in  service  because  of  a  fishtail  adjacent  to 
the  weld   (see  Fig.   13). 


Fig.  13 — Investigation  No.  109  C— 
Etched  cross  section  adjacent  to  the  weld 
showing  the  fishtail  that  caused  the  failure 
pictured   in   Fig.    12. 
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Fig_  14 — Investigation  No.  110 — Faces  of  the  fracture  of  a  flash  butt 
welded  rail  joint  that  failed  in  service,  due  to  segregation  adjacent  to  the 
weld   (see  Fig.   15).  Arrows  locate  nuclei  of  the  failure. 


Fig.  15  —  Investigation  No.  110 — 
Etched  cross  section  adjacent  to  the  weld 
showing  the  segregation  responsible  for 
the  failure  pictured  in  Fig.   14. 
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Fig.  16 — Investigation  No.  120 — Faces  of  the  fracture  of  a  flash  butt 
welded  joint  that  failed  in  service  because  of  oxide  inclusion  due  to  weld 
spatter  (see  Fig.  17). 


Fig.  17 — Investigation  No.  120 — Photograph  of 
the  weld  in  the  head  fillet  area  showing  the  prog- 
ressive fracture  and  the  oxide  spatter  inclusion 
that  caused  the  failure  pictured  in  Fig.   16. 
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Fig.  18 — Investigation  No.  121 — Faces  of  the  fracture  of  a  flash  butt  welded 
rail  joint  that  failed  in  service  because  of  hot  torn  weld  metal  (see  Fig.  19) 


Fig.  19 — Investigation  No.  121 — Sec- 
tion, after  pickling  in  hot  HCl,  showing 
the  hot  torn  weld  metal  that  caused  the 
failure  pictured  in  Fig.  18. 
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Fig.  20— Investigation  No.  122  A — Faces  of  the  fracture  of  a  flash  butt 
welded  rail  joint  that  failed  because  of  oxide  inclusions  from  weld  spatter 
(see   Fig.  21). 


Fig.  21 — Investigation  No.  122  A — 
Cross  section,  after  pickling  in  hot  HCI. 
showing  the  oxide  inclusions  from  weld 
spatter  that  caused  the  failure  pictured  in 
Fig.   20. 
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Fig.  22 — Investigation  No.  122  B — Faces  of  the  fracture  of  a  flash  butt 
welded  rail  joint  that  failed  because  of  oxide  inclusions  from  weld  spatter 
(see   Fig.   23). 


Fig.  23 — Investigation  No.  122  B — 
Cross  section,  after  pickling  in  hot  HCl, 
showing  oxide  inclusions  from  weld  spat- 
ter that  caused  the  failure  pictured  in 
Fig.  22. 
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Fig.  24 — Investigation  No.  123 — Faces  of  the  fracture  of  a  flash  butt 
welded  rail  joint  that  failed  in  service  because  of  hot  torn  weld  metal  (see 
Fig.  25). 


Fig.  25  —  Investigation  No.  123 — 
Etched  cross  section  showing  the  hot  torn 
welded  metal  that  caused  the  failure  pic- 
tured in  Fig.  24. 
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Report  on  Assignment  2 

Laying 

O.  E.  Fort  (chairman,  subcommittee),  E.  J.  Brown,  E.  Eskengren,  A.  E.  Gustus,  E.  M. 
Hodges,  T.  B.  Hutcheson  H.  VV.  Jenkins,  A.  B.  Lewis,  L.  W.  Neville,  Jr.,  J.  R. 
Rymer,  R.  A.  Shaw,  E.  H.  Waring. 

Your  committee  presents  its  report  on  Assignment  2  in  two  parts.  Part  1  submits 
for  adoption  and  publication  in  the  Glossary  of  the  Manual  a  definition  of  welded  rail 
to  supplement  the  definition  of  continuous  welded  rail  adopted  last  year.  Part  2  gives 
statistics  on  the  amount  of  continuous  welded  rail  laid  since  1933. 


Part  1 
Definition  of  Welded  Rail 

At  the  Annual  Meeting  in  March  1963  your  committee  submitted  to  the  Association 
for  adoption  and  publication  in  the  Glossary   of   the  Manual  the  following  definition: 

Continuous  Welded   Rail: — A   Number  or  Rails  Welded  Together  in  Lengths  of 
400  Ft  or  Longer. 

This  definition  was  formally  approved  by  the  Association  and  now  appears  in  the 
Glossary.  It  was  apparent  however,  that  certain  members  were  dissatisfied  with  the 
definition  because  it  failed  to  define  rails  welded  together  to  form  lengths  shorter  than 
400  ft.  After  the  1963  Annual  Meeting  your  committee  received  written  requests  that 
it  review  the  matter  to  take  care  of  this  situation.  This  has  been  done,  and  your  com- 
mittee now  submits  for  adoption  and  publication  in  the  Glossary  of  the  Manual  the 
following  definition 

Welded  Rail: — Two  or  More  Rails  Welded  Together  to  Form  a  Lentcii  Less  Than 
400  Ft. 

Part  2 
Statistics 

Track  Miles  of  Continuous  Welded  Rail  Laid,  by  Years,  1933-1963 

1933                      O.IC)  ly.'iS 80.00 

1934"         0.9.5  1954 87.00 

1935 4.0(i 

1936 1-52 

1937                                                          .    .    31.23                                                       Oxii-             Elerlnr 

1939  f).04                                                acelylcm-          Flaxh                Tula! 

1942  .5.48  1955 194.50  72  2()().50 

1943  <'.29  1950 372.33  89.10  461.43 

1944  12.88  1957 390.47  159.65  550.12 

1945  4.81  19.58 148.11  312.13  460.24 

1946  3.91  19.59 378.65  691.92         1070.57 

1947  '  18.70  1960   299.42  961.20  1260.62 

194g  29.93  1961 94.13  92(i..50  1020.63 

1949  33.05  1962 310. .59  1183.34  1493.93 

1950  50.25  1963 497.52  13t)0.48  1858.00 

1951""  37.25  

1<).52  - 40,  (M)  8895.. 55 
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Break-Down  of  Continuous  Welded  Rail  Laid  in  1Q63 — Track  Miles 
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Note:  At  its  last  annual  meeting,  the  Association  adopted  a  definition  of  continuous 
welded  rail  (lengths  of  400  ft  or  longer),  and  the  statistics  for  1963  conform  to  that 
definition.  It  is  not  known,  however,  how  much,  if  any,  welded  rail  in  lengths  under 
400  ft  is  included  in  the  earlier  figures.  As  indicated  in  Part  1  of  this  report,  the  com- 
mittee is  submitting  for  adoption  a  definition  for  welded  rail  in  lengths  under  400  ft, 
and  if  it  is  adopted  it  is  possible  that  in  the  future  the  statistics  can  be  divided  beween 
continuous  welded  rail  (lengths  of  400  ft  or  longer)  and  welded  rail  (lengths  under  400 
ft)   on  the  basis  of  these  definitions. 

In  this  connection,  one  road  in  1963  laid  22.096  miles  of  new  and  32.145  miles  of 
second-hand  welded  rail  (lengths  under  400  ft)  in  main  line.  It  was  all  fabricated  by 
the   electric   flash   process. 

Report  on  Assignment  3 

Fastenings 

C.  W.  Wagner  (chairman,  subcommittee),  M.  P.  .\nderson,  S.  H.  Barlow,  J.  E.  Camp- 
bell, J.  D.  Case,  O.  E.  Fort,  R.  G.  Garland,  B.  J.  Gordon,  R.  A.  Hostetter,  W.  J. 
Jones,  A.  J.  Kozak,  B.  M.  Monaghan,  C.  E.  Morgan,  M.  S.  Reid,  R.  P.  Roden, 
G.  L.  Todd. 


Part  1 


Rail   Anchorage   Pattern   for   Continuous   Welded    Rail 

This  report  is  submitted  as  information. 

The  recommended  rail  anchorage  pattern  for  continuous  welded  rail  is  box  anchoring 
at  alternate  ties  throughout  the  length  of  the  string  of  continuous  welded  rail. 

A  survey  of  committee  members  indicated  that  there  may  be  a  trend  to  reduce  the 
number  of  rail  anchors  through  the  central  portion  of  the  strings  of  CWR.  Your  com- 
mittee therefore,  circulated  a  questionnaire  among  the  chief  engineers  of  34  North 
.American   roads  which  presently  use  CWR. 

Of  the  26  reporting,  19  roads  box  anchor  at  every  second  tie,  4  roads  box  anchor 
at  every  third  tie,  1  road  boxes  two  ties  and  skips  one,  one  road  boxes  every  other 
crib,  and  1  road  uses  a  standard  pattern  of  16  anchors  per  rail  through  the  central 
portion  of  the  string.  The  roads  u.sing  fewer  anchors  report  no  difficulties. 
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While  several  roads  are  conlcmplatiiiK  tests  of  fewer  anchors,  current  practice  does 
not  support  a  revision  of  the  present  rail  ancliora>ic  pattern  now  aj^pearint,'  on  pane 
5-5-4.2  of  the  Manual. 

Part  2 

Southern    Railway    System's   Use   of   Sliding   Joints 

By  J.  F.  BEAVER 

Cliief    Engineer,    Southern    Railway    System 

The  basic  engineering  property  to  be  considered  in  connection  with  welded  rail  is 
that  of  the  expansion  and  contraction  of  materials  due  to  change  in  temperature.  This 
is  a  well  known  phenomenon,  proved  both  in  the  laboratory  and  in  the  tield. 

Two  different  conditions  may  apply  when  a  structural  element  such  as  metal  or 
wood  is  subjected  to  a   change  in  temperature: 

1.  If   the   structural   element   is  unrestrained  and  is  free   to  move,  it  will  e.xpand 
or  contract  with   corresponding  rise  or  fall  in  temperature. 

2.  If  the  structural  element  is  restrained  from  free  movement,  a  change  in  tem- 
perature will  result  in  stresses,  or  forces,  building  up  in  the  element. 

One  other  basic  engineering  fact  must  be  emphasized,  and  that  is  that  all  structural 
elements  do  not  behave  the  same  when  subjected  to  temperature  change.  Each  type 
of  material,  such  as  timber,  steel,  masonry,  aluminum,  etc.,  has  its  own  "thermal  coeffi- 
cient of  linear  expansion,"  which  is  a  measure  of  its  reaction  to  temperature  effects. 
The  following  table  of  Fahrenheit  coefficients  is  recognized  by  some  authorities  as  being 
fairly  representative  values: 

Aluminum ().()()()()128 

Medium  steel U.UUUUU07 

Timl)er  (parallel  to  grain) 

Fir  -    0.0000021 

Oak  -    0.0000027 

Pine  0.00000:50 

Concrete O.OOOOOW) 

For  a  given  rail  section  free  from  restraint,  with  an  average  thermal  coefficient  of 
linear  expansion  of  0.0000067,  the  total  amount  of  expansion  or  contraction  will  depend 
on  only  two  factors:  (1)  the  length  of  the  rail,  and  (2)  the  magnitude  of  the  change 
in  temperature.  For  example,  consider  a  39-ft-long  rail,  laid  at  65  deg  F,  when  the 
temperature  drops  to  zero:  the  total  change  in  length  will  be  39  X  12  X6S  X  0.0000067, 
or  0.2038  in.  If  the  rail  had  been  laid  at  100  deg,  the  total  change  in  length  would  be 
0.3136  in.  If  the  rail  had  been  laid  with  tight  joints,  the  play  between  the  joint  bolts 
and  the  holes  in  the  joint  bars  would  permit  the  rail  to  contract  0.25  in.  If  the  rail  were 
laid  at  65  deg  according  to  AREA  recommended  practice  of  leaving  is  in  joint  opening, 
then  the  tolerance  in  the  joint  bolt  arrangement  would  permit  the  rail  to  contract  only 
0.1875  in  (A,  in)  before  exerting  pressure  on  the  joint  bolts,  and  the  bolt  holes  in  the 
rail  web  and  in  the  joint  bars. 

From  the  above  computation,  it  can  be  seen  that  the  bolt  hole  tolerances  in  the 
rail  and  joint  bars  are  fairly  adequate  for  a  39-ft  rail.  If,  however,  the  length  of  rail  is 
longer  than  39  ft,  the  total  range  of  rail  expansion  or  contraction  greatly  exceeds  the 
capacity  of  the  joint. 
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Let  us  consider  an  alternative  example  of  a  132-lb  welded  rail,  1440  ft  lonj^  laid 
at  65  deg,  when  the  temperature  drops  to  zero.  The  total  amount  of  shorteninp;  is  1,440 
X  12  X  65  X  0.0000067  or  7.525  in.  If  the  rail  were  laid  with  tight  joints,  it  could 
contract  only  0.25  in,  leaving  a  remainder  of  7.275  in  of  contraction  to  be  provided  for. 
Since  such  a  gap  cannot  be  tolerated,  a  physical  force  must  be  applied  to  the  rail  to 
stretch  it  7.275  in.  The  amount  of  this  force  can  be  calculated  as  follows:  7.275  X  12.95 
(area  of  132-lb  rail)  X  29,000,000  (modulus  of  elasticity  of  steel)  divided  by  1440  X 
12,  equals  158,109  lb.  This  force  is  too  large  to  be  absorbed  by  the  joint  bolts  alone, 
so  rail  anchors  must  be  provided  to  restrain  the  contraction  of  the  rail.  Note  that  the 
installation  of  adequate  rail  anchorage  does  not  relieve  the  tensile  force  in  the  rail,  but 
rather  distributes  the  force  in  the  ballast  throughout  the  length  of  the  rail  and  keeps  it 
from  concentrating  in  the  joint  area. 

If  a  total  force  of,  say,  160,000  lb  is  considered  to  be  distributed  over  the  gross  area 
of  the  rail  (12.95  sq  in),  the  average  temperature  stress  would  be  approximately  12,350 
psi.  Note  that  this  is  close  to  the  13,000  lb  stress  measured  by  the  AAR  on  the  Great 
Northern  and  reported  on  page  645  of  Vol.  60  of  ARE.'V  Proceedings  and  closely  sub- 
stantiates the  field  measurements. 

Two  points  arc  worthy  of  note  in  connection  with  the  above  calculation: 

1.  If  the  rail  temperature  had  risen  65  deg,  the  total  force  would  have  been 
larger  (162,000  lb),  since  with  tight  joints  there  would  have  been  no  room 
for  expansion  within  the  joint  area. 

2.  The  total  compressive  or  tensile  force  in  the  restrained  rail  is  independent 
of  the  length  of  rail.  This  formula  for  computing  the  change  in  stress  in  a 
structural  element  is  AEet,  where  A  is  the  cross  sectional  area  of  the  element, 
E  is  its  modulus  of  elasticity,  e  is  its  thermal  coefficient  of  linear  expansion, 
and  I  is  the  temperature  change. 

With  the  above  general  background  discu.ssion,  it  is  now  timely  to  consider  the 
effect  of  anchorage  of  rail  on  bridge  decks.  There  are  two  general  types  of  decks  to 
which  you  should  limit  your  consideration,  namely,  open  deck  and  ballast  deck.  (Special 
types,  such  as  solid  concrete  slabs  with  the  rail  anchored  directly  to  the  slab  are  so 
rare  as  to   be  not   worthy   of  general  consideration). 

First,  let  us  consider  ballasted-deck  structures.  If  there  is  a  minimum  amount  of 
ballast  under  the  ties,  there  is  apt  to  be  insufficient  longitudinal  restraint  for  ties 
anchored  to  welded  rail,  for  the  ballast  will  "roll"  under  the  ties,  resulting  in  poor  line 
and  surface  and  excessive  stresses  in  the  joint  bolts  and  holes.  If  there  is  adequate  depth 
of  ballast  under  the  ties  to  interlock  and  transfer  the  temperature  and  other  rail  stresses 
to  the  supporting  structure,  then  the  problem  is  transferred  from  consideration  of  the 
track  structure  to  the  trestle  or  steel  support. 

Open-deck  structures  are  somewhat  simpler,  for  there  is  no  question  as  to  the 
adequacy  of  the  ballast.  Many  roads  follow  the  practice  of  using  timber  guards,  usually 
4  in  or  5  in  X  8  in.  in  cross  section,  fastened  to  each  tie  with  lag  bolts  to  preserve  the 
spacing,  and  adding  drift  bolts  in  timber  stringers  or  hook  bolts  to  engage  girder  flanges 
to  preserve  track  alinement.  For  welded  rail  anchored  to  bridge  or  trestle  ties  with  the 
accepted  pattern  of  rail  anchorage,  these  tie  fastenings  must  be  investigated  for  adequacy 
to  withstand  the  heavy  temperature  forces  which  are  present.  In  any  event,  the  differ- 
ential temperature  and  other  rail  forces  must  be  transmitted  to  the  supporting  structure 
Ihrouuh  some  type  of  tie  fastenings. 
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So  far,  the  main  discussion  has  ci-nlciTd  around  tcmpcraluri'  effects  in  Ihc  rail, 
and  transfer  through  ties  and  ballast,  or  through  ties  and  tie  fastenings  to  the  support- 
ing structure.  The  effect  on  the  sujiporting  structure  must  also  be  considered,  and  the 
following  approach   is  suggested: 

1.  For  timber  trestles  with  ties  drifted  to  stringers.  Timber  will  expand  or  con- 
tract approximately  one-third  to  one-half  as  much  as  steel.  The  differential 
temperature  stress  to  be  absorbed  by  the  stringers  might  seriously  impair 
their  lead-carrying  ability,  even  if  the  rail  and  ties  could  be  rigidly  anchored 
to  the  stringers.  For  instance,  consider  Douglas  fir  stringers  with  a  thermal 
coefficient  one-third  that  of  steel,  supporting  1.52-lb  rail  laid  at  6.S  deg,  when 
the  rail  temperature  falls  to  zero.  The  net  contraction  of  the  rail,  with  respect 
to  the  stringers,  results  in  an  induced  compression  in  the  rail  of  %  of  158,000 
lb,  or  105,400  lb.  This  force  must  be  absorbed  by  each  stringer  chord,  and 
the  additional  average  compressive  stress  in  3 -ply  9-in  by  16-in  stringers  is 
250  psi— almost  14  percent  of  the  1850  psi  allowable  stress.  The  maximum 
compressive  stress  in  the  stringers  at  their  top  fibers  is  probably  higher  than 
the   fictitious  average,   resulting  in  even   more  loss  of  capacity. 

2.  For  steel  girders  with  ties  bolted  firmly  to  the  structure  (the  differential  tem- 
perature is  theoretically  negligible,  but  experience  shows  the  running  rail  being 
unshielded  from  the  sun  is  hotter).  Localized  effect  of  any  small  temperature 
might  be  considered  negligible  until  we  consider  a  several-span  structure,  each 
span  having  expansion  and  fixed  ends.  If  a  rail  joint  occurred  on  such  a  struc- 
ture, the  lack  of  absolute  fixity  at  the  expansion  bearings  would  permit  the 
entire  temperature  forces  to  fall  on  the  rail  joint  with  disastrous  results. 

One  additional  effect,  that  of  track  curvature,  should  be  emphasized.  Assume  again 
a  132-lb  rail,  laid  at  65  deg,  on  a  1-deg  curve  with  a  65  deg  temperature  differential. 
The  rail  stress  is  158,000  lb,  and  the  radial  component  of  this  stress  is  158,000  -:-  5,730, 
or  28  lb  per  ft.  For  a  sharper  curve,  the  radial  force  varies  directly;  a  10-deg  curve 
will  have  a  radial  effect  of  280  lb  per  hn  ft,  per  rail,  or  a  total  lateral  force  of  560  lb 
per  ft.  If  bridge  ties  are  spaced  on  14-in  centers,  the  lateral  force  per  tie  under  this 
condition  would  be  14  X  560  divided  by  12,  or  650  lb  per  tie.  Few  structures  are 
designed  for  such  heavy  lateral  forces. 

There  is  a  very  simple  solution  to  the  problem — merely  permit  the  rail  to  expand 
and  contract  freely  on  bridges,  thereby  eUminating  all  need  for  absorption  of  rail 
stresses  in  the  structure,  with  resulting  loss  of  capacity  and  instability.  This  is  made 
possible  by  the  use  of  sliding  joints. 

Since  the  inception  of  our  welded  rail  program  some  years  ago  on  the  Southern, 
we  have  made  several  installations  involving  the  use  of  the  sliding  expansion  joint. 
One  notable  example  is  the  6.3-mile-long  open-deck  trestle  across  Lake  Pontchartrain 
in  Louisiana,  which  was  laid  with  132-lb  welded  rail  over  two  years  ago,  and  protected 
by  sliding  joints.  Performance  at  this  site  has  been  excellent  and,  except  for  periodic 
applications  of  graphite,  maintenance  has  been  almost  negligible.  Although  subjected 
to  heavy  traffic,  there  is  little  or  no  evidence  of  material  flow  in  the  vicinity  of  the 
points. 

A  sketch  of  the  layout  of  welded  rail  on  bridges  on  the  Southern  Railway  System 
is  shown  in  Fig.   1. 
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Report  on  Assignment  4 

Maintenance 

C.  R.  Mcrriman  (chairman,  subcommittee),  R.  E.  Dove,  E.  Esken^ren,  R.  G.  Garland, 
B.  J.  Gordon,  E.  M.  Hodfies,  J.  L.  Hodjikinson,  H.  W.  Jenkins,  C.  P.  Martini, 
A.  S.  McRae,  B.  M.  Monaghan,  L.  W.  Neville,  Jr.,  B.  R.  Prusak,  F.  L.  Rees, 
R.  A.  Shaw,  E.  H.  Waring,  C.  E.  Waller. 

Your  committee  has  as  its  assignment  the  task  of  determining  whether  changes  in 
present  recommended  ballast  sections  arc  required  because  of  the  use  of  continuous 
welded  rail.  Recently  the  committee  received  prints  of  drawings  covering  new  recom- 
mended ballast  sections — applicable  to  track  with  both  jointed  rail  and  continuous 
welded  rail — which  were  prepared  by  Committee  1 — Roadway  and  Ballast.  While  at 
this  time  we  have  no  objections  to  the  sections  proposed,  this  matter  will  receive 
further  study  by  the  committee. 


Report  on  Assignment  5 

Economics 

T.  C.  Shedd  (chairman,  subcommittee),  S.  H.  Barlow,  W.  E.  Chapman,  L.  S.  Crane, 
W.  J.  Cruse,  R.  E.  Dove,  C.  R.  Harrell,  W.  J.  Jones,  C.  P.  Martini,  S.  H.  Poore, 
F.  L.  Rees,  M.  S.  Reid,  J.  R.  Rymer,  G.  L.  Todd. 

It  has  been  several  years  since  the  committee  has  presented  data  on  the  cost  of 
welding  continuous  welded  rail  as  compared  with  the  cost  of  standard  joint  bar 
assemblies. 

For  that  reason  Subcommittee  5  was  asked  to  gather  as  much  detailed  information 
as  possible  on  this  subject.  It  undertook  this  work  through  a  questionnaire  that  was 
sent  to  the  chief  engineers  of  railroads  known  or  believed  to  be  using  continuous  welded 
rail.  Some  58  questionnaires  were  sent  out;  replies  were  received  from  32  railroads. 
Of  these,  eight  either  had  no  data  available,  or  had  data  too  old  or  too  incomplete 
to  use.  The  remaining  24  are  listed  in  the  accompanying  tabulation.  It  should  be  noted 
that  some  of  these  railroads  reported  figures  only  for  welding  or  only  for  joint  bars — 
not  for  both. 

The  questionnaire  was  purposely  made  as  detailed  as  possible,  even  though  it  was 
realized  that  the  records  of  many  railroads  would  not  permit  them  to  answer  in  full. 
It  was  hoped  that  the  detail  would  help  call  attention  to  cost  elements  that  may  some- 
times be  overlooked  in  computing  the  cost  of  welding  continuous  rail  or  the  cost  of 
joint  bar  assemblies. 

For  example,  if  the  welding  is  done  in  a  railroad-operated  plant,  and  that  plant 
is  not  located  on  a  direct  route  between  the  point  where  new  rail  is  received  and  the 
point  where  it  is  to  be  laid,  an  extra  transportation  cost  is  involved.  In  the  case  of 
joint  bars,  the  cost  of  bond  wires  and  their  application  is  a  part  of  the  total  cost  of 
joint  bar  assemblies. 

As  was  expected,  few  railroads  could  supply  cost  figures  broken  down  in  the  detail 
called  for  in  the  questionnaire;  and  on  some  returns  there  was  doubt  as  to  exactly 
what  cost  elements  were  actually  included. 

Thus,  considerable  care  should  be  taken  in  interpreting  the  figures  in  the  tabulation 
and  comparing  the  costs  on  different  railroads. 
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In  general,  joint  bar  costs  were  quite  consistent,  probably  because  the  factors 
involved  are  relatively  few  and  are  easy  to  pin-point.  New  joint  bar  assemblies  for  the 
rail  sections  being  used  today  now  cost  in  the  range  of  $12.50  to  $15.00  per  set  (not 
including  labor  cost  of  installation). 

On  the  other  hand,  rail  welding  costs  varied  widely  anicng  the  reporting  railroads. 
This  was  presumably  due  to  (a)  variation  in  the  specific  cost  factors  included  by  the 
different  railroads;  (b)  type  of  welding  method  used;  (c)  size  of  rail  and  whether  new 
or  second  hand;  (d)  volume  of  welding  done;  (e)  whether  welding  done  by  railroad 
plant  or  by  outside  forces.  Reported  per-joint  welding  costs  ranged  all  the  way  from 
$6.00  to  $18..kS. 

The  Chesapeake  &  Ohio  reported  that  it  laid  ,vS.9  track  miles  of  welded  rail  in 
1326-ft  ribbons,  with  the  ribbons  joined  together  in  the  field  immediately  behind  the 
laying  by  the  Boutet  method  of  welding.  The  cost  of  joining  welded  strings  by  this 
method  was  $34.78  per  joint:   $10.03   material  and  $24.75  labor,  for  471   welds. 


Report  on  Assignment  6 

Welding  Second-Hand  Rail 

J.  F.  Beaver  (chairman,  subcommittee),  M.  P.  Anderson,  S.  H.  Barlow,  J.  D.  Case, 
\V.  E.  Chapman,  C.  O.  Conatser,  H.  C.  Fox,  A.  E.  Gustus,  R.  A.  Hostetter,  M.  S. 
Reid,  R.  P.   Roden. 

Your  committee  presents  as  information  the  following  report  which  describes  an 
investigation  conducted  at  the  AAR  Research  Center  to  determine  the  practicability 
of   welding  second-hand   rail  without  first  cropping  the  rail  ends. 


An   Investigation  of  Welding  Used   Rail 
Without  Cropping 

Purpose  of  Investigation 

At  the  request  of  the  chief  engineer  of  the  Southern  Pacific  Company,  an  inves- 
tigation was  made  at  the  .\AR  Research  Center  of  welding  used  rail  by  the  electric 
flash  process  without  cropping.  If  such  a  procedure  were  found  to  be  satisfactory,  it 
would  save  the  cost  of  cropping  the  rail  prior  to  welding  and  the  scrapping  of  the 
cropped  rail  ends. 

First  Series  of  Tests 

In  December  1059  a  series  of  slow  bend,  drop  and  rolling-load  tests  was  made  on 
butt  welded  .specimens  of  113-lb  head-free  rail  that  had  been  removed  from  track  after 
carrying  about  50  million  gross  tons  of  traffic  and  sub.sequenlly  electric  flash  pressure 
welded  without  cropping  the  rail  ends.  The  slow  bend  tests  were  performed  by  Pro- 
fessor R.  E.  Cramer  at  the  University  of  Illinois.  The  specimens  were  tested  with  the 
head  up  on  a  48-in  span  with  two  loading  blocks  12  in  apart  and  centered  over  the 
weld.  .-Ml  of  the  test  specimens  broke  at  the  weld  line  with  the  following  results: 


6.58 


Continuous    Welded    Rail 


Siiec. 
No. 

Rail  Identification 

Max.  Load 
Before 
Fracture 

(Lb) 

Kneruy 

for 
Fracture 

(Ft-Lb) 

DeJIrrlion 

at 
Fracture 

(In) 

Modulus 

of 
liupturr 

(PSD 

Hrmarkx 

1 

1H18  us 
1!M8  us 

•il  11:M1)  licad  free     .    ___ 
•d   11:MI>  lioad  fire 

■.^■l■l.Qm 
;58:3,ooo 

40. 800 
80 ,  40(1 

1  .(i 
3.3 

I  L'7 .  000 
1 50 . 000 

Hioke  at 
wclil  line 

Hroke  at 
weld  line 

It  will  be  noted  that  neither  of  the  two  specimens  broke  through  the  bolt  holes. 
With  this  method  of  loading,  the  shear  would  be  zero  at  the  No.  2  and  No.  .?  bolt 
holes  (4-hole  joint)  and  at  the  weld.  There  would  be  shearing  stress,  however,  at  the 
No.   1   and  No.  4  bolt  holes,  and  from  calculations  shown  later  in  this  report   (see  Fig. 

9),    this    would    be    on    the   order   oi   ^91,500X  5.06  X  2.58    ^^   ^^  .    ^^^   specimen 

69.8  X  0.60 
No.  2.  The  diagonal  tension  would  be  approximately  equal  to  the  shearing  stress,  and 
with  a  stress  concentration  of  3  that  would  be  normally  expected  at  the  bolt  hole, 
the  calculated  concentrated  diagonal  tension  at  the  edge  of  the  bolt  hole  would  be 
185,400  psi,  or  more  than  the  modulus  of  rupture  at  which  failure  occurred.  However, 
after  the  stress  exceeds  the  yield  point  the  stress  concentration  factor  would  be  expected 
to  decrease.  Actually,  failure  occurred  at  the  weld  line  at  a  very  satisfactory  modulus 
of  rupture. 

Standard  drop  tests  were  also  made  on  two  similarly  welded  specimens  at  the 
Research  Center.  Both  specimens  broke  through  the  weld  on  the  first  drop  of  the 
2000-lb  tup  from  a  height  of  20  ft.  This  has  no  significance  insofar  as  effect  of  bolt 
holes  is  concerned,  as  it  is  very  rarely  that  electric  flash  butt  welds  even  without  bolt 
holes  have  withstood  one  blow  in  the  drop  test  at  the  Research  Center  without  failure. 

Two  similarly  welded  specimens  were  also  tested  in  the  12-in-stroke  roUing-load 
machines  in  accordance  with  the  standard  procedure  at  the  Research  Center  for  rolling- 
load  tests  on  butt  welds.  A  description  of  the  machine  is  given  in  AREA  Proceedings, 
Vol.  40,  page  699-700.  The  specimen  is  positioned  as  shown  in  Fig.  4  of  this  report 
so  that  for  each  cycle  of  the  rolling  lead,  the  bending  moment  at  the  weld  varies  from 
zero  to  10  times  the  wheel  load.  The  stress  at  the  rail  head  varies  from  zero  to  a  maxi- 
mum tension  and  in  the  rail  base  from  zero  to  a  maximum  compression.  This  test  has 
been  found  to  be  very  indicative  of  the  quality  of  the  weld,  and  any  weld  that  will 
withstand  2,000,000  cycles  of  loading  without  failure  is  considered  to  be  a  satisfactory 
weld.  Oxyacetylene  pressure  welds  or  electric  flash  pressure  welds  that  do  not  contain 
defects  will  withstand  this  test  without  failure. 

The  first  specimen  of  the  used  113-Ib  head-free  rail,  electric  flash  pressure  welded 
with  the  bolt  holes,  started  a  bolt-hole  crack  at  532,200  cycles  and  the  rail  broke  at 
1,119,200  cycles  so  the  test  could  not  be  continued.  The  fracture  is  shown  in  Fig.  1. 
The  second  specimen  tested  started  a  bolt-hole  crack  at  388,500  cycles,  but  a  crack 
started  from  a  bond-wire  hole  at  678,500  cycles,  which  progressed  rapidly,  and  the  rail 
broke  at  695,400  cycles.  The  pattern  of  the  break  showing  the  combination  of  cracks 
from  the  bolt  hole  and  bond- wire  hole  is  shown  in  Fig.  2.  It  is  interesting  to  note  the 
progressive  growth  of  the  bolt-hole  crack  and  bond-wire-hole  crack  as  shown  in  Fig.  3. 
There  were  no  bond-wire  holes  in  the  first  specimen  tested. 
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Fig.    1 — Failure  from  bolt-hole  crack  of  specimen  No.   1  after  1,119,200 
cycles    in   the    12-in-stroke    rolling-load   machine. 


Fig.  2 — Failure  from  bond-wire  hole  and  bolt-hole  cracks  in  specimen  No.  2 
after   695,400   cycles  in   the   12-in-stroke  rolling-load  machine. 
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Fig.   3 — Fractured  surfaces  of  specimen  No.  2  showing  progressive  growth 
from  bond-wire  hole  and  bolt  hole  before  complete  fracture  occurred. 


Second  Series  of  Tests 

Inasmuch  as  the  first  series  of  tests  had  developed  failures  in  the  rolling-load  tests 
before  reaching  the  2,000,000  cycles  that  are  considered  a  run  out  or  satisfactory  test, 
the  SP  suggested  that  the  application  of  half-length  bars  each  side  of  the  weld  might 
reinforce  the  bolt  holes  and  give  more  satisfactory  results.  The  half  length  bars  would 
be  provided  by  cutting  the  bars  removed  from  the  rail  to  a  length  that  would  clear 
the  weld.  Accordingly,  a  further  investigation  was  made  to  test  three  conditions  as 
follows: 

(a)  Bolt   holes   chamfered   and   peened 

(b)  Half-length  bars  each  side  of  weld 

(c)  Special  washers  and  high-strength  bolts 

Condition  (a)  was  included  to  determine  whether  chamfering  and  peening  might 
reduce  the  stress  concentration  at  the  hole  and  increase  the  fatigue  strength  enough  to 
prevent  fatigue  failures  starting  from  the  bolt  hole. 

Condition  (c)  was  included  because  fatigue  tests  on  structural  joints  have  shown 
that  the  use  of  hardened  washers  and  high-strength  bolts  tightened  to  a  high  bolt 
tension  will  tend  to  carry  the  stress  around  the  hole  and  appreciably  lower  the  stress 
concentration   effect  of  the  hole. 
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Results   of  Second  Series  of   Tests 

Two  test  specimens  were  run  in  the  12-in-stroke  machines  for  each  of  the  above 
three  conditions.  The  specimens  were  welded  from  113-lb  head-free  rail  that  had  carried 
only  50  to  100  million  gross  tons  of  traffic.  For  this  section  the  standard  test  in  the 
rolling  load  machine  is  a  48,000-lb  wheel  load.  The  specimen  is  cantilevered  and  the 
wheel  load  travels  10  in  past  the  weld,  so  that  in  each  cycle  of  loading  the  bending 
moment  at  the  weld  varies  from  zero  to  480,000  in-lb.  The  head  of  the  rail  is  in  ten- 
sion and  the  base  in  compression  from  the  loading  (see  Fig.  4).  The  following  table 
gives  the  results  of  the  tests: 

Tests  in   12-In  -Stroke   Rolling-Load  Machine 


Spec. 
No. 

Specimen  Condition 

Cycles  fur 
Failure 

Remarks 

93  .\ 

2  holes  chamfered  and  peened 

.545,000 

1,097,000 

9.57,300 

(130,200 
1,779, 200 
2,000.000 

93C 

2  holes  chamfered  and  peened 

Broke  from  bolt  hole. 

93F 
93H 
93B 

93G 

2  half  bars  each  side  of  weld 

2  half  bars  each  side  of  weld 

High-strength  bolts  and   washers   in   2  holes 
next  to  weld 

High-strength  bolts  and   washers   in   2  holes 
next  to  weld 

Crack  in  second  bolt  hole  at  710,500 

cycles. 

Crack  in  second  bolt  hole  at  422,000 

cycles. 

Crack  through  No.  2  to  No.  3  hole 
at  l,383,3C0  cycles. 

Run  out — No  failure. 

It  will  be  noted  that  the  use  of  high-strength  bolts  and  washers  in  the  bolt  holes 
was  effective  in  removing  the  stress  concentration  effect  of  the  bolt  hole.  However,  the 
practicability  and  economy  of  this  method  is  questionable.  The  washers  would  have 
to  be  rectangular  (Fig.  7)  and  shaped  to  closely  fit  the  rail  web  on  one  side  and 
provide  parallel  faces  for  the  bolt  head  and  nut  on  the  other  (Fig.  8) .  They  would 
have  to  be  placed  right  side  in  and  up  and  held  square  with  the  rail  while  the  bolt  is 
tightened.  Any  portion  of  the  brand  near  the  bolt  hole  on  the  surface  where  the  washer 
would  bear  would  have  to  be  removed  by  grinding  so  there  would  be  a  good  fit  between 
the  face  of  the  washer  and  the  rail  web.  With  reference  to  economy,  it  is  estimated 
that  a  saving  of  not  more  than  $1  per  joint  or  $270  per  mile  would  be  realized  by 
using  the  washers  and  bolts  compared  to  cropping  12  in  from  each  rail  end  before 
welding.  All  in  all,  the  use  of  high-strength  bolts  and  washers  for  this  purpose  does  not 
look  attractive  in   spite  of   the  good  performance  in   the  rolling-load  test. 

Calculated  Stress  Range  at  Bolt  Holes 

Because  all  of  the  fatigue  cracks  in  these  specimens  originated  in  the  bolt  hole 
rather  than  in  the  weld,  it  seemed  desirable  to  give  further  study  to  the  conditions  used 
in  this  test,  particularly  from  the  standpoint  of  whether  the  stresses  imposed  at  the 
bolt  hole  are  typical  of  what  would  exist  in  track.  These  tests  were  all  made  in  the 
12-in-stroke  rolling-load  machines  using  a  cantilever-type  loading,  which  is  the  cus- 
tomary test  procedure  for  butt  welds.  Experience  has  shown  this  to  be  a  test  procedure 
that  is  very  effective  in  determining  whether  there  are  any  defects  in  the  weld  at  any 
part  in  the  rail  cross  section  that  might  develop  into  progressive  fractures  in  service. 
Fig.  4  is  a  sketch  showing  the  loading  arrangement  in  the  12-in  stroke  rolling-load 
machines  for  the  welds  of  the  used  113-lb  head-free  SP  rail,  and  on  this  sketch  is 
indicated   a   typical   failure.   In   general   the   location   and   direction   of   failure  was  quite 
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f'  r  Tie  Down  Bolts 


12^ Stroke  &  Wheel  Path 

Cantilevered 

48,000  lb.  Wheel  Load 


t  Support 


t  Support 


Fig.  4.    Sketch  showing  loading  arrangement  in  12  in.  stroke 
rolling  load  machines  for  welds  of  used  113  HF  -  SP  rail. 

When  the  wheel  moves  from  (A)  to  (B)  the  bending  moment  on  the  weld 
increases  from  0  to  a  maximum  of  480,000  in.  lb.     When  the  wheel  load 
is  at  (B)  the  total  vertical  shear  on  the  rail  from  (A)  to  (B)  is  48,  000  lb. 


similar  in  all  of  the  five  specimens  tested  that  developed  cracks  before  the  2,000,000 
cycle  test  was  completed.  Since  this  is  a  cantilever  loading,  the  weld  is  subjected  to  a 
maximum  bending  moment  equal  to  the  amount  of  the  wheel  load,  or  48,000  lb  times 
10  in,  the  farthest  point  of  the  wheel  load  from  the  weld  during  the  rolling-load  cycle. 
Thus  the  weld  is  subjected  to  a  bending  moment  in  each  cycle  of  loading  varying  from 
zero  to  a  maximum  of  480,000  in-lb.  The  range  of  stress  at  the  extreme  fiber  in  the 
top  of  the  rail  varies  from  zero  to  a  maximum  value  in  tension  of  25,800  psi  as  calcu- 
lated from  the  section  modulus  for  this  rail  section,  and  in  the  base  varies  from  zero 
to   a   full   compression   of   21,000  psi  similarly   calculated. 

The  fact  that  the  failure  started  at  the  bolt  hole  in  these  tests  rather  than  in  the 
weld  and  the  angle  of  the  failure  indicates  that  the  progressive  fracture  is  due  to 
diagonal  tension  (resulting  from  the  shearing  stresses)  combined  with  the  stress  con- 
centration effect  of  the  bolt  hole.  Fig.  9  is  a  calculation  of  the  diagonal  tension  (which 
this  close  to  the  neutral  axis  of  the  rail  would  also  be  equal  to  the  shearing  stress)   at 


Continuous    Welded    Rail 


64.^ 


Fig.  5 — Specimen  with  bolt  holes  chamfered  and  peeiicd  in  33-in-stroke 

rolling-load  machine. 


Fig.   6 — Specimen  with   half-length  joint  bars   placed   on   each  side  of   weld 
in  33-in-stroke  rolling-load  machine. 
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Fig.   7 — Side  view  of  high-strength  bolt  and  special  washers  used  to 
minimize  stress  concentration  at  bolt  hole. 


Fig.  8 — End  view  showing  fit  of  special  washers  in  rail  web  and  parallel 
surfaces  for  bolt  head  and  nut. 
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the  location  in  the  bolt  hole  where  the  progressive  fracture  started.  It  will  be  noted 
that  this  calculated  shearing  stress  and  diagonal  tension  is  1S,CXX)  psi.  For  each  cycle, 
therefore,  this  stress  would  vary  from  zero  to  15,000  psi  diagonal  tension  alonji  the 
line  that  the  progressive  fracture  started.  With  the  stress  concentration  effect  of  the 
bolt  hole  it  may  be  expected  that  the  localized  stress  at  the  edge  of  the  bolt  hole 
where  the  fracture  started  would  be  increased  approximately  three  times,  and  the  range 
of  stress  would,  therefore,  be  zero  to  45,000  psi.  Information  on  the  theoretical  stress 
concentration  factor  due  to  a  bolt  hole  is  given  in  ARE.A  Proceedings,  Vol.  49,  page 
466.  Some  measurements  made  of  stresses  at  the  bolt  hole  with  SR-4  strain  gages  arc 
also  shown  in  this  same  volume  in  Fig.  7,  page  47,5.  Fatigue  tests  of  rail  steel  specimens 
taken  from  the  web,  made  at  the  University  of  Illinois,  and  reported  in  ARE.A  Pro- 
ceedings, Vol.  51,  page  637,  show  a  fatigue  strength  of  api)roximately  zero  to  50,000 
psi  tension,  which  is  only  slightly  in  excess  of  the  calculated  stress  range  to  which 
these  specimens  were  subjected  in  the  rolling  load  tests. 

Effect  of  Weld  on  Bolt-Hole  Stress 

It  seemed  desirable  to  determine  whether  the  cause  of  the  progressive  fracture  was 
the  stress  concentration  effect  of  the  bolt  hole  only  or  whether  the  residual  stress  set 
up  in  making  the  weld  was  also  a  factor.  Accordingly,  a  test  was  made  in  the  12-in- 
stroke  machine  with  a  specimen  of  new  115  RE  rail  with  the  standard  AREA  bolt- 
hole  drilling,  with  one  bolt  hole  placed  at  the  same  distance  from  the  center  line  of 
support  and  from  the  extreme  wheel  position  B  (Fig.  4)  as  used  in  the  tests  with  the 
113-lb  head-free  welded  specimens.  This  test  specimen  indicated  the  start  of  cracks  at 
the  same  location  on  the  bolt  hole  at  1,.S00,000  cycles,  but  this  specimen  ran  out  the 
full  2,000,000  cycles  without  the  cracks  developing  more  than  1  in  each  side  of  the 
bolt  hole.  In  a  second  specimen  of  the  same  type  a  bolt-hole  crack  started  at  1,120,000 
cycles,  and  complete  failure  occurred  at  1,811,900  cycles.  It  would  appear  from  com- 
paring the  results  of  the  tests  with  a  bolt  hole  in  the  web  of  new  unwelded  rail  and 
the  used  welded  113-lb  head-free  rail  that  either  the  effect  of  the  weld  or  of  the  cor- 
rosive effects  to  which  the  rail  in  track  had  been  subjected  has  somewhat  lowered  the 
fatigue  strength  at  the  bolt  hole.  With  respect  to  the  effects  of  corrosion  on  lowering 
the  fatigue  strength,  data  given  in  Vol.  52,  pages  680-690,  indicate  that  the  fatigue 
strength  at  2,000,000  cycles  might  be  lowered  to  40,000  psi  or  even  less  with  zero  to 
maximum  tension  loading  in  a  corrosive  environment.  Generally,  however,  tests  have 
shown  that  the  fatigue  strength  of  steel  that  is  already  corroded  is  not  appreciably 
less  than  non-corroded  steel  unless  the  fatigue  test  is  conducted  in  a  corrosive  environ- 
ment. Accordingly,  it  would  appear  that  residual  stresses  set  up  as  a  result  of  the  flash 
butt  weld  had  some  effect  in  lowering  the  fatigue  strength  at  the  bolt  hole. 

Relation  of  Test  Conditions  to  Track  Conditions 

The  next  consideration  is  whether  the  shearing  stresses  at  the  bolt-hole  location  in 
the  12-in-strokc  machine  are  enough  different  from  those  actually  encountered  in  track 
to  have  an  appreciable  effect  on  the  results.  To  obtain  data  on  this,  tests  were  started 
on  the  two  remaining  specimens  that  had  been  furnished  in  two  of  the  33-in-stroke 
rolling-load  machines  using  one  113-lb  head-free  u.sed  rail  welded  .specimen  with  the 
bolt  holes  chamfered  and  pcened  only,  and  the  other  .specimen  with  two  half-length 
rail  joints  each  side  of  the  weld.  In  the  33-in-strokc  machine,  a  wheel  load  of  44,400  lb 
is  used  for  this  size  rail,  and  the  bending  moment  at  the  weld  varies  from  400,000  in-lb 
positive  to  200,000  in-lb  negative  during  each  cycle.  This  test  is  more  representative  of 
actual  track  conditions  with  respect  to  repeated  flexure  and  shearing  stress  at  the  bolt 
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Area  =  5.06  sq.   in. 


Moment  of  Inertia  (I)  =  69.  _  ~ 
Shearing  Stress  at  (L)  =  ^  ^  ^ 

It 

V  =  48,  000  lb. 
t  =  0.  60  in. 
A  =  5,  06  sq.  in. 
y  =  2.58  in. 
Shearing  stress  at  (L)  =  15,000  psi  (Also,  diagonal  tens.) 

Fig.  9.    Calculation  of  shearing  stress  and  diagonal  tension  at  bolt  hole 
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hole  than  the  12-in-stroke  rolling-load  test.  In  the  33-in-stroke  test  the  total  shear  at  the 
bolt  hole  will  vary  from  22,200  lb  in  one  direction  to  the  same  amount  in  the  opposite 
direction  (completely  reversed  shear),  and  the  calculated  shearing  stress  at  the  bolt  hole 
will  be  reduced  from  a  maximum  of  45,000  psi  to  21,000  psi.  Thus,  the  stress  range  in 
diagonal  tension  will  be  changed  from  zero  to  45,000  psi  maximum  in  the  12-in  stroke 
machine  to  a  complete  reversal  of  21,000  psi  compression  to  21,000  psi  tension  in  the 
33-in-stroke  machine  for  each  wheel  passage.  According  to  the  data  shown  in  Vol.  51, 
page  637.  the  fatigue  strength  of  rail  steel  without  corrosion  for  complete  stress  reversal 
is  34,000  psi.  Thus,  there  is  considerably  more  leeway  between  the  fatigue  strength  of 
rail  steel  as  determined  in  the  laboratory  tests  and  the  range  of  stress  applied  in  the 
33-in-stroke  machine  than  in  the  12  in  stroke  machine.  It  is  not  surprising,  therefore, 
that   the   following  results  were  obtained: 

Tests  In  33-In-Stroke  Rollixg-Lo.ad  Machine 


Spec. 
No. 

S])ecimen  Condition 

Cyde.f  for 
Failure 

Remarks 

i»3D 
93E 

2  holes  charufiMcd  and  peeiied 

L',0()(),(X)0 
2,000,000 

Crack  started  in  No.  1  bolt  hole  at 
844,000  cycle-s  (diagonal  crack  2Ji 
in  long  at  end  of  test). 

Although  the  tests  in  the  33-in-stroke  machine  simulate  reasonably  well  the  flexural 
and  shearing  stresses  in  track,  they  do  not  include  the  effect  of  temperature  stresses  that 
will  be  developed  in  continuous  welded  rail  and  which  will  be  combined  with  the  flexural 
and  shearing  stresses.  Fig.  10  is  a  calculation  showing  the  effect  of  combining  the  tensile 
stress  resulting  from  a  100  F  drop  in  temperature  below  the  laying  temperature  with 
the  reversed  shearing  stresses  from  a  30,000-lb  wheel  load.  It  will  be  noted  that  this 
condition  gives  a  calculated  stress  range  from  51,000  psi  tension  to  9,000  psi  tension, 
including  the  stress  concentration  factor  of  3  for  the  bolt  hole.  The  fatigue  strength  of 
rail  steel  from  the  laboratory  tests  previously  referred  to  is  from  58,000  psi  tension  to 
9,000  psi  tension.  Thus,  the  three  following  comparisons  are  afforded: 


Condition 

Calculated  Stress  Range 

Fatigue  Strength  Range 

Ratio 

1 2-in-stroke  machine 

0  to  -1-4.5,000  psi 
—21,000  to  -1-21,000  psi 
+   9,000  to  +.51,000  p.si 

0  to  -|-.50,000  psi 
— :34,000  to  -1-34,000  psi 
+  9,000  to  -t- 58, 000  psi 

90% 

62% 

Combined  tension  antl  shear     _   _ 

80% 

It  will  be  noted  that  the  ratio  of  calculated  bolt-hole  stress  range  for  a  high  tension 
force  from  temperature  change  combined  with  the  reversed  shearing  stresses  from 
wheel  loadings  to  the  fatigue  strength  of  the  steel  is  almost  as  high  as  in  the  12-in- 
.stroke  rolling-load  machine. 
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Fig.   10.    Calculation  of  combined  tension  stress  due  to  temperature 
effects  in  continuous  welded  rail  with  maximum  shearing  stress 

Assume  wheel  load  of  30,000  lb.  +  50%  impact  or  45,000  lb. 

Assume  max.   tension  stress  (100°  drop)  of  20,000  psi  (St). 

Shearing  stress  =  ^^>  ^^^      x  5.  06  x  2.  58  =  7,  000  psi  (Sg). 

69.8  X  0.60 

Combined  stress  with  shearing  stress  reversal. 


,.  So  =  7,  000 


•^^ 

*  St 

/ 

/- 
Ss      ^ 

/\ 

(1)  20,000  BC  cos  45" 

(2)  7,000  AC  cos  45° 

(3)  7,000  BC  sin  45° 
then 

(1)  20,000  AB  (cos  45°)2 

(2)  7,000  AB  sin  45°  cos  45° 

(3)  7,000  AB  cos  45°  sin  45° 


Since 


BC  =  AB  cos  45° 
AC  =  AB  sin  45° 
sin  45°  =  cos  45°  =  0.  707 

10,000  AB  lb. 
3,500  AB  lb. 
3,500  A:B  lb. 


Sc  AB  =  10,000AB+  3,500  Ab+  3,500  AB=  17,000AB 
Sc  =  17, 000  psi  tension 

or 
Sc  AB  =  10,  000  AB  -  3,  500  AB  -  3,  500  AB  =  3,  000  SB 
Sc  =  3, 000  psi  tension 

Range  of  repeated  stress  at  bolt  hole  =51,  000  psi  to  9,  000 
psi  tension  (Including  stress  concentration  factor  of  3). 
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Conclusions 

The   foIlowinK   conclusions   seem   justified    from    this   investigation: 

1.  The  fatifjue  strength  at  the  bolt  holes  has  been  reduced  and  the  possil)ilit> 
ol"  a  progressive  fracture  developing  from  a  bolt  hole  has  been  increased  as  a 
result  of  the  electric  flash  pressure  weld. 

2.  The  presence  of  bond-wire  holes  or  welds  on  the  sides  of  rails  that  are  butt 
welded  offers  another  possibility  for  the  development  of  a  progressive  fracture. 

.5.  The  use  of  two  half  joints  each  side  of  the  weld  has  no  appreciable  effect  on 
the  fatigue  strength  at  the  bolt  hole  with  respect  to  possibility  of  develop- 
ment of  a  progressive  fracture  from  the  hole.  The  half  joint  bars  would,  of 
course,  be  of  some  help  in  maintaining  the  rail  in  line  and  surface  to  prevent 
derailment  in  case  of  a  fracture  through  the  bolt  hole.  However,  they  would 
hinder  the  visual  detection  of  progressive  fractures  that  may  develop  from 
the  bolt  holes. 

4.  The  use  of  special  washers  with  high-strength  bolts  is  effective  in  removing 
the  stress  concentration  effect  of  the  bolt  hole  but  is  not  considered  practical 
for  several   reasons. 

5.  The  calculated  range  of  repeated  stress  at  the  bolt  holes  to  be  expected  with 
continuous  welded  rail  in  track  is  so  near  the  fatigue  strength  as  determined 
in  laboratory  tests  as  to  give  little  assurance  that  fatique  cracks  would  not 
develop  at  the  bolt  holes  in  the  course  of  time. 

The  foregoing  indicates  that  more  satisfactory  service  performance  can  be  expected 
from  butt  welding  used  rail  if  the  rail  ends  are  cropped  before  welding. 
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CONTINUOUS  RAIL 

—Quickly,  Economically  ^ith  the 

RAIL  WELDING 


NCG 


A  typical  transformer  sub-station  furnish- 
ing commercial  power  for  NCG  Automatic 
Rail  Welding  System. 


When  "Flashing"  stops,  the  weld  upset  is 
sheared.  The  weld  is  then  ground  with 
abrasive  belts  to  a  smooth  surface. 


Now  small  work  crews  do  a  big,  fast 
job  with  the  continuous,  highly 
automated  NCG  Rail  Weldirtg  System 
using  commercial  electricity. 
Time-wasting  annealing  and 
normalizing  are  eliminated.  All 
operations  are  automatic,  under 
push-button  control. 

The  NCG  Rail  Welding  System  brings 
the  highly  desired  advantages  of 
continuous  rail  to  many  roads  which 
previously  deemed  it  beyond  budget 
acceptance.  It  may  be  purchased 
or  leased.  Write  for  details  now. 
NATIONAL  CYLINDER  GAS,  DIVISION 
OF  CHEMETRON  CORPORATION 
840  N.  Michigan  Ave.,  Chicago  11,  111. 


NCG' 


A  pusher  moves  strings  of  welded  rail 
onto  flat  cars  ready  for  shipment. 


NATIONAL  CYLINDER  GAS 


:)1961  Chemetron  Corporation 


JK;^iaK~i -*"««»•• 


T^iB^MC 


ROOTS  AND  LOADS  TIES 


LAYING  WELDED  RAIL 


MODEL  441 

Developed  and  Built 
for  Railroad  Maintenance 

180°  BOOM  SWING 

dOiS  ALL  JOBSi 


CUTS     MAINTENANCE     COST 


12  fASl  CHANGE  ATTACHMENTS 


•  Forks 

•  1'^  Cu.  Yd.  Bucket 

•  Tote  Hook 

•  18'  Boom   Extension 

•  Fork  Tie  Baler 

•  Track   Cleaning   Bucket 


•  Bock   Hoe 

•  Clamshell 

•  Back   Filler   Blade 

•  Pull   Drag   Bucket 

•  4  Cu.  Yd.  Snow  Bucket 

•  Pile  Hammer 


Optional   Attachment 
Flanged   Wheels,   Hydraulicolly   Controlled 


9'   WIDE   TRACK   CLEANING   BUCKET" 


PETTIBONE  MULLIKEN  CORPORATIO 

RAILROAD_;,|jkjjDIVISION 

141    W.   J  A  C  K  S  O  N^%5^^=^  CHICAGO  4,   III 

80  Years  of  Service 
to  the  Railroad  Industry 


Easy  to  reach  jog  buttons 
aid  operator  in  positioning 
the  units.  In  about  8  min- 
utes one  man  with  Racine 
Rail  Drill&Saw  cuts  rail  and 
drills  6  holes  at  a  joint. 


UP  TO  21 

INSULATED 

JOINTS 

PER  DAY 


*^ 


'^/    i 


■■^'k 


Th 


he  Racine  Kail  Drill&Sau.  equipped  «ilh  a  miilliple  "•<  spindle  drill 
and  hydraulic  feed  reciprocaling  saw,  is  a  dual-purpose,  sinyle  operator 
machine  for  cultiny-in  insulated  joints  or  cropping  rail  in  track. 

L'p  to  21  insulated  joints  per  tlay  in  rihhon  rail  h,i\e  been  completed  by  ,i 
sint;le  machine,  using  the  follow  iny  seL|iience  of  operations: 

(  1  I  .Saw  rail  and  drill  6  holes. 

(2l  lixpand  joint  with  Tcmplelon-Kenley  Hydiaulic  l-'\pander. 

I  -'  I  Insert  end  post. 

(4)  Assemble  angle  bars  (using  electric  impact  wrench). 

Ihe  .^'  spindle  drill  unit  may  he  prc-set  to  bore  two  or  three  holes  ^■>n  5':" 
to  7"  centers.  Hole  center  adjuslnient  is  made  by  inserting  solid  spacer 
blocks,  lorniing  a  "fixed"  center  drill  head. 

Ihe  saw  unit  is  a  new  concept  for  reciprocating  rail  saws.  .Accurately  eoii- 
irollcd  hydraulic  feed  pressure  is  used  to  cut  rail  consistently  fast  and  sir.iight. 
Blade  cost  is  only  a  few  cents  per  cut. 

Ihe  machine  is  basically  a  self-propelled  carriage  and  power  pl.tnt  tor 
mounted  saw  and  drill  units.  It  is  also  available  in  various  comhinatioii> 
of  saw  and  drill  units  to  suit  your  needs  lor  in-track  rail  cropping  operations. 
Electrical  outlets  on  the  machine  give  you  plug-in  power  for  impact  wiench. 
drill  hit  grinder,  work  lights  or  other  portable  tools. 

Write  for  more  information  today:  Racine  Hydraulics  i.\;  .Machinery,  Inc.. 
Depl.  By4,  Racine.  Wisconsin.  Rb ';: 


CI 


Em 


Portable 
Rail  Drill 


Portable  Rail  Saw  Anchor  Applicator 


Rail  Drill&Saw 


Production  and 
Spot  Tampers 


spread 
around 


ALLIED  CHEMICAL 

UROX'  Weed  Killer  g/ves  up  to  la  months  control 

However  or  wherever  you  use  Urox,  a  single  application  con- 
trols weeds  as  long  as  18  months.  Urox  gives  complete  control. 
Kills  all  plant  growth.  Costs?  Urox  kills  more  weeds  per-mile 
per-dollar!  Its  effects  are  cumulative.  You  use  small,  economical 
booster  doses  to  keep  its  killing  power  going  year  after  year. 
(With  many  weed  killers  you  need  full  treatments  each  year.) 
sjrox  is  available  in  liquid  and  granular  forms:  special  grades 
are  available  for  special  problems.  Your  Allied  Chemical  rep- 
resentative will  be  glad  to  give  you  the  facts. 


GENERAL  CHEMICAL  DIVISION 

P.  0.  Box  353,  Morristown,  N.  J. 


^ 

l^ied 
hemical 

USE  TIE  PLATE 
lOQK  SPIKES 


One-piece  Design 

LOCK  SPIKES  hold  tie  plates  firmly  in  place  on 
cross-ties  and  bridge  timbers. 

LOCK  SPIKES  are  quickly  and  easily  driven, 
or  removed,  with  standard  track  tools. 

Driven  to  refusal,  the  spread  shank  is  com- 
pressed by  the  walls  of  the  hole.  Tie  plates  are  held 
against  horizontal  and  vertical  movement  under 
spring  pressure.  Play  between  the  spike  and  the 
hole  is  eliminated — abrasion  and  seating  of  tie 
plates  is  overcome. 

LOCK  SPIKES  hold  their  position  in  the  tie, 
and  redriving  to  tighten  the  plate  is  not  required. 
They  provide  a  quiet  and  strengthened  track. 

Annual  cost  of  ties  and  maintenance  expense  is 
reduced  by  extending  the  life  of  ties  and  holding 
gage.  Here  is  one  answer  to  conservation  of  ma- 
terials and  labor.  Write  for  free  folder. 

BERNUTH,  LEMBCKE   CO.,  INC. 

420  Lexington  Avenue,  New  York  17,  N.  Y. 


Actual 
Size 


AUPCK 
ELEtTROMATIG 


The  only  completely 
automatic  track  surfacing 
machine  on  the  market 


Proven  in  operation  by  North  America's 
leading  railroads.  Complete  and  auto- 
matic control  of  surface  and  cross  level 
through  tangent  and  curve  territory 
regardless  of  height  of  lift. 

•  Combination  of  Autojack  and  Electromatic 
equals  or  improves  production  of  Electro- 
matic alone. 

•  Precision  of  lift  and  uniformity  of  compaction 
controlled  automatically. 


•  All  variations  in  lift,  level  and  run-out  con- 
trolled from  operator's  panel. 

•  Beam  "sighting"  for  utmost  precision. 

•  Front  buggy  self-propelled  ahead  of  tamper. 


TA  M  P  E  R     I  N  C.    53  Court  St.,  Platfsburgh,  N.Y. 

SALES    AND    SERVICE:    2 147  University  Avenue 
St.  Paul  1  4,  Minnesota 
Phone:  645-5055 
IN   CANADA    160  St.  Joseph  Blvd., 

Lachine  (Montreal),  P.O. 
Phone:  637-5531 
Your  enquiries  for  detailed  information  or  brochures  on 
Autoiack  Electromatic  and  other  trock  machines  ore  invited. 


THE  DOUBLE  U  RAIL  ANCHOR 

ACHUFF  RAILWAY  SUPPLY  CO. 
ST.  LOUIS,  MO. 


Area   Code  305 
P.  O.  Box   10378  LOgan  6-7922 

GREENHEART,   INC. 

1431    N.  E.  26th  Street 
FORT  LAUDERDALE,  FLORIDA 

President — John   L.  McEwen — Quarter  Century  Experience 

IMPORTERS: 

GREENHEART— 3300F  Piles,  Lumber, 
Timbers  Long  Length 

MORA  EXCELSA — Lumber  and  Timbers 

MANBARKLAK^Piles 

ANGELIQUE  (Basra  Locus) — Piles,  Lumber  and  Timbers 
and   other  Woods  from 

Burma,   Siam,  Australia,  Africa   and   South  America 

Oafa   furnished  on   request 


Rail  Lubrication     ^ 


Thousands  of  miles  of  railroad  track  throughout  the 
United  States,  Canada  and  Mexico  are  being  lubri- 
cated with  Brooks  products. 

Leadolene  plastics  and  Barcote  fluid  grades  —  the 
superior  lubricants  —  resist  corrosion,  moisture  and 
contamination  while  providing  protection  to  plates, 
bolts,  splice  bars,  joints  and  rails. 

Ease  of  application  is  highly  acceptable  for  spraying 
or  brushing  on  existing  joints  and  welded  rail.  Added 
protection  is  given  to  steel  in  tunnels  and  also  steel 
subjected  to  brine  drippage. 

Additional  data  supplied  upon  request. 


The  BROOKS  OIL  Company 

Established  1876 

General  offices  and  U.S.  plant;   3304  East  87th  Street*  Cleveland  27,  Ohio 
Canadian  offices  and  plant:   461  Cumberland  Avenue*    Hamilton,  Ontario 


■ 

Hubbard  Super  Service  Alloy  Spring  Washers 

Hubbard  Super  Steel  Alloy  Spring  Washers 

Hubbard  Track  Tools 

Hubbard  Tool  Division 

UNIT  RAIL  ANCHOR  CORPORATION 

New  York  Pittsburgh  Chicago 

W^      Unit  Rail  Anchor       wL 

UNIT  RAIL  ANCHOR  DIVISION 

UNIT  RAIL  ANCHOR  CORPORATION 

NEW  YORK  PITTSBURGH  CHICAGO 


^^^S 


Assure  lower  maintenance  costs, 
better  performance  with... 


V      ^^^^^^^^W^? 


TEXACO 

Petroleum  Products  and 
Systematic  Engineering 
Service 


TEXACO  INC. 

RAILWAY  SALES  DIVISION 

135  East  42nd  St.,  New  York  17,  N.  Y. 
NEW  YORK   •  CHICAGO   •   SAN  FRANCISCO  •  ST.  LOUIS  •   ST.  PAUL  •  ATLANTA 


Model  N  U  Tie  Cutter 


HERE  IS  THE  WINNING  TEAM 

The  Woolery  NU  Tie  Cutter  and  the  Woolery  Tie-end  Remover  preserve  the  line  and  surface 
of  the  track  and  at  the  same  time  reduce  the  cost  of  tie  renewals.  Ties  can  be  removed 
without  trenching,  jacking  up  track  or  adzing  tops  of  rail-cut  ties.  With  this  team  you  simply 
cut  both  ends  of  tie,  pry  out  center  piece,  insert  in  its  place  the  tie-end  remover  and  out 
go  the  tie  ends  pushed  by  the  double  acting,  double  ended  hydraulic  cylinder  of  the  Tie- 
end   remover. 


FOR  HIGHEST  EFFICICNCY  USE  TWO  TIE  CUTTERS  WITH  ONE  TIE-END  REMOVER 


WOOLERY  MACHINE  COMPANY 

MINNEAPOLIS,  MINN. 


IMFMOVIEID  IHIIFOWT^R 


A  COMPLETE 

OF  SPRING  WASHERS 


THE   NATIONAL  LOCK  WASHER  CO. 

Newark  N.  J..  U.  S.  A. 


P.   &    M.    PRODUCTS 

•  IMPROVED   FAIR    Rail   Anchors 

RAIL   JOINT   PRODUCTS 

•  Rajo  Joints 

•  Insulated  Joints 

•  Compromise  Joints 

•  Fibre 

MAINTENANCE  EQUIPMENT  PRODUCTS 

•  Meco  Rail  and  Flange  Lubricators 

•  Meco  Rail  Layers 

•  Meco  Brush  Cutters 


•  MACK  Reversible 
Switch  Point  Protectors 


PEERLESS    EQUIPMENT   PRODUCTS 


•  Draft  Gears 


PRODUCTS  OF  PROGRESS 


POOR  &    COMPANY 

Railway  Products  Division  SO  E.  Jackson  Blvd.,  Chicago  4,  III. 


at 

your 

service 


for 

all    types   of   cranes 

diesel   wreckers 

pile   drivers 

buckets 


ORTON 


CRANE    &    SHOVEL    CO. 

608       S.       DEARBORN       ST. 
CHICAGO       5,       ILLINOIS 

JOHN   F.   McCULLOUGH 

Presidenf 
Representatives    in    Principal    Cities 


xXy  WOODINGS-VERONA  TOOL  WORKS 

^^^  Pioneer  Manuiacturers 

oi 

HIGH  GRADE  TRACK  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 

Since  1873 


VERONA,  PA. 


CHICAGO.  RL. 


w 

WOODINGS  FORGE  &  TOOL  COMPANY 

Makers 

of 

WOODINGS  RAIL  ANCHORS 

VERONA.  PA. 

CHICAGO.  ILL. 

Notes  on 

Railroad  Location  and  Construction  Procedures 
from  the  School  of  Experience 


By  J.  A.   Given 

A  series  of  notes,  comments,  short-cut  methods  and  "tricks  of  the 
trade"  written  by  a  railroad  location  engineer  of  many  years  of 
practical   experience  for  the   benefit  of  young   engineers. 

Price  $0.50 

AMERICAN   RAILWAY  ENGINEERING  ASSOCIATION 

59  East  Van   Buren   Street 
Chicago  5,   III. 


IT'S  GRS 


CYB-O-MATIC 


GRS  systems  engineering  weds  cyber- 
netics with  automatic  operation — the 
result.  CYB-O-MATIC. 

A  typical  example,  this  ore  train  is 
moving  at  a  slow,  steady  s])eed  of  '  s  niph 
while  being  loaded  from  above.  The  load 
builds  up  sharply  as  the  fourteen  100-ton 
capacity  cars  are  loaded  — but  CYB-O- 
MATIC  control  keeps  the  pace  steady. 


Mechanoelectric  —  and  electronic  — 
systems  substitute  for  human  brains  and 
nervous  systems.  Operation  is  entirely 
automatic.  I'he  resultant  control  is  more 
uniform,  more  i)recise  than  even  the 
mo.st  skillful  manual  control. 

This  is  one  example  of  CYB  -  O  - 
MATIC  control  in  revenue  producing 
action.  Expect  more  from  GRS. 


GENERAL  RAIL\A/AY  SIGNAL  COMPAIMY 


ROCHESTER 


NEW  yUHK,   N 


A    UNIT    OF    GENERAl-    SIGIMAL    CORPORATIOM 

,    1UU1  /  t:HICAGU.    ILL      5DB01  ST      LOUIS.    MU     bJIOI  MufSlTHtAL    ^,    H*     u 


U.S.  BORAX  OFFERS  COMPLETE  VEGETATION  CONTROL 

SERVICE  AND  PRODUCTS  THROUGHOUT  THE  COUNTRY 

Our  railroad  herbicide  specialists  know  your  regional 
weed,  soil,  and  weather  conditions.  They  have  an  ex- 
tremely wide  selection  of  weed  and  brush  killing 
chemicals.  Now,  with  strategically  located  production 
facilities  and  the  most  efficient  spray  cars  in  railroading 
today,  U.S.  Borax  is  fully  equipped  to  contract  for  any 
vegetation  control  program-and  carry  it  out  promptly, 
effectively  and  economically.  -h-^^^^^^hm^^i^i*^ 

We  would  like  an  opportunity 
to  prove  it  to  you.  Write  today. 

3456  Peterson  Avenue,  Chicago  45  •  INdependence  3-6262 


BORAX 


Here  are  the  up-to-date  facts  on  the  SPENO  Ballast 
Cleaning  and  the  SPENO  Rail  Grinding  Services. 


BALLAST  CLEANING 

SPENO  Engineering  and  Research  has  de- 
veloped a  superior  screening  arrangement  so 
that  we  are  now  using  an  improved  Ballast 
Cleaner  with  greater  efficiency. 

RAIL  GRINDING 

Our  Rail  Grinding  Service  has  been  so  well 
received  —  we  now  have  Three  Rail  Grind- 
ing Trains  to  take  care  of  the  demand. 


SPENO  is  conslantty  developing  means  for 
better  service  to  make  sure  that  the  Railroads 
receive  everything  they  pay  for  —  and  more. 
Outside  North  American  continent: 

SPEMA  RAIL  SERVICES  S.A. 
Grand-Pont  2,  Lausanne,  Switzerland 

Canadian  Sales  Representatives: 

THE  HOLDEN  CO.  LIMITED 
614  St.  James  St.,  West 
Montreal,  Canada 


C^t^/fS^  ^^  ^^u^z^?a^^  y%a^na^/e  use^  as* 


FRANK  SPENO  RAILROAD  BALLAST  CLEANING  CO.,  INC. 


306  North  Cayugo  Si. 
Ilhaca,  N.  Y. 


THE  TRASCO  CAR   RETARDER 

HUNDREDS  IN  SERVICE 
IN  CLASS  YARD  TRACK 


TRACK  SPECIALTIES  COMPANY 

P.O.  BOX  729  WESTPORT,  CONNECTICUT 
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PROGRAM 

Sixty-Third  Annual  Meeting 
March  9-11,   1964 

Monday,    March   9 

Morning    Session — Gold   Room — 9:30   to    12:00 

Invocation,  by  Ur.   Kenneth   Hildebiand,  the  Central  Church  of  Chicago. 

Recognition  of  speaker's  table  guests. 

Presidential  Address — L.  A.  Loggins,  Chief  Engineer,  Southern  Pacific  Company,  Texas 

&  Louisiana  Lines. 
Report  of   Executive   Secretary — Xeal   D.   Howard. 
Report  of  Treasurer — A.  B.  Hillman,  Retired  Chief  Engineer,  Chicago  &  Western  Indiana 

Railroad  and  Belt  Railway  of  Chicago. 
Greetings  from  the  National  Railway  Appliances  Association,  G.   R.   Betts,   (President). 
Keynote  Address — Engineering  Our  Future,  by  C.  D.  Buford,  Vice  President,  Operation.*! 

&  Maintenance   Department,  AAR. 

Bulletin 
Reports  of  Committees  Numbers 

11 — Engineering  and  Valuation  Records  (10:50)    582 

.\ddress — Valuation    and    New    Railroad    Construction    (illustrated),    by    J. 
Bart  Byars,  Assistant  to  Chief  Engineer,  Denver  &  Rio  Grande  Western 
Railroad. 
14 — Yards  and   Terminals    (11:35)"   581 

Afternoon  Session — Gold  Room — 1:30  to  5:00 

Bulletin 
Reports  of  Committees  Numbers 

25 — Waterways   and   Harbors    ( 1 :30)    581 

Address — The  High  Cost  of  Low-Cost  Transportation,  by  C.  D.  Curran, 
Director  of  Waterway  Analysis,  Competitive  Transportation  Division, 
AAR. 

l.< — Water,  Oil  and  Sanitation  Services  ( 1 :55)    581 

.Address — Diesels  and  Dirty  Water,  by  H.  W.  Poston,  Regional  Program 
Director,  Water  Supply  and  Pollution  Control,  Department  of  Health, 
Education  and  Welfare,  U.  S.  Public  Health  Service. 

18— Electricity     (2:42)     583 

.Address — Corrosion  of  Underground  Metal  Structures,  and  Materials  and 
Devices  for  Combatting  It  (illustrated),  by  H.  C.  Boone,  Corrosion 
Engineer,  Peoples  Gas,  Light  &  Coke  Company,  Chicago. 

16 — Economics  of   Railway   Location  and  Operation   (3:25)    581 

Symposium — Industrial  Engineering  on  the  Railroads — Tom  Shedd,  Editor, 
Modern  Railroads,  Moderator;  H.  B.  Christianson,  Jr.,  Director, 
Industrial  Engineering  Department,  Missouri  Pacific  Railroad;  W.  J. 
Dixon,  Director  of  Industrial  Engineering,  Baltimore  &  Ohio  Railroad ; 
and  H.  J.  Fast,  Manager,  .Assiniboine  .Area,  Canadian  National  Rail- 
ways. 

24 — Cooperative  Relations  with  Universities  (4:15)    583 

Address — Men  to  Match  the  Management  Challenge,  by  H.  M.  William.son, 
Chief  Engineer — System,  Southern  Pacific  Company. 
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Tuesday,   March    10 

Morning  Session — Gold  Room — 9:00  to    12:00 

28— Clearances    (9:00)     582 

Address — Engineering  Aspects  in  the  Operation  of  Long  Cars  (illustrated), 
by   G.   M.   Magee,   Director  of   Engineering  Research,  AAR. 

20— Contract    Forms    (9:34)     581 

Address — "Look  Out  Below,"  by  R.  K.  Merrill,  General  Solicitor,  Chicago, 
Milwaukee,  St.  Paul  &  Pacific  Railroad. 

7— Wood   Bridges   and   Trestles    (10: 14)     583 

8— Masonry    (10:30)     583 

Address — Difficulties  Experienced  in  Railroading  in  the  West  (illustrated), 
by  F.  R.  Woolford,  Chief  Engineer,  Western  Pacific  Railroad. 

IS— Iron  and  Steel  Structures   (11:10)    583 

Address — The    History    of    Railroad    Live    Loads   on    Bridges    (illustrated), 
by    D.   V.    Messman,    Assistant    to    Chief    Engineer,   Southern    Railway 
System. 
30— Impact  and  Bridge  Stresses   (11:48)    581 

Association    Luncheon — Great   Hall,    12:00   Noon 

Presentation  of  those  at  speaker's  table. 
Presentation  of  those  at  chairmen's  table. 
Announcement  of  results  of  election  of  officers. 

Address — Transportation     Goals,    by    B.    S.    Sines,    Vice    President,     Southern    Pacific 
Company. 

Afternoon  Session— Gold  Room— 2:15  to  5:00 

6— Buildings    (2:15)     582 

Address — The  Engineer's  Part  in  Industrial  Development  on  the  Railroads, 
by  E.  J.  Stoll,  Director,  Real  Estate  and  Industrial  Development 
Department,   Chicago,  Milwaukee,  St.  Paul  &  Pacific  Railroad. 

9— Highways    (2 :48)     581 

3— Ties  and  Wood  Preservation    (3:09)    582 

Address — Improved  Performance  of  Treated  Wood  in  Railroad  Structures 
(illustrated),  by  J.  O.  Blew,  Jr.,  Technologist,  Preservation  Research, 
Division  of  Wood  Products,  Forest  Service,  U.  S.  Department  of 
Agriculture,  Forest  Products  Laboratory,  Madison,  Wis. 

22 — Economics   of   Railway   Labor    (3:52)    582 

Address — Winch-Drawn    Undertrack    Sledding — Tie    Removal — Surfacing — 
Lining  Operations  on  the  Great  Northern  (illustrated),  by  W.  J.  Cruse, 
Engineer  Maintenance  of  Way,  Great  Northern  Railway. 
27 — Maintenance   of   Way   Work   Equipment    (4:36)    582 

Wednesday,   March    1 1 

Morning  Session — Geld  Room — 9:00  to  12:30 

1— Roadway  and   Ballast   (9:00)    584 

Address — Nuclear  Methods  of  Determining  Moisture  and  Density  of  Soils 
(illustrated),  by  G.  L.  Hinueber,  Engineering  Laboratory  Manager, 
AAR  Research  Center. 

Rail    (9:45)     584 

Address — Basic  Oxygen  Steel  for  Use  in  the  Production  of  Rail  and  Track 
Fastenings  (illustrated),  by  J.  R.  Zadra,  Assistant  Superintendent, 
Quality  Control,  Colorado  Fuel  &  Iron  Corp. 
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S— Track    (10:25)     584 

Address — Length  of  Railway  Transition  Spiral — a  Review  of  AAR  Research 
Report  ER-37  (illustrated),  by  C.  J.  Code.  Assistant  Chief  Engineer- 
Staff,  Pennsylvania  Raliroad. 

Special   Committee  on   Continuous  Welded   Rail    ( 11 :05)    584 

Motion   Picture — Fabrication   and   Laying   of    Continuous   Welded   Rail   on 
the    Southern    Railway,    with   introductory    remarks   by   J.   F.    Beaver, 
Chief   Engineer,  Southern   Railway   System. 
Closing  Business  Session   (12  noon) 
Installation  of  officers 
Adjournment    (1.^:30  pm) 


Nominating   Committee — 1964   Election 
Past    Presidents  Elected  Members 

B.  R.  MKYtRS.  Chairman  '•  ^-  Parsoxs 

Vice  Pres.  and  Chief  Engr.,  C.&NAV.  Ry.  Chief  Engr.,  E-L  RR. 


F.    R.    WOOLFORD 

Chief  Engr.,  W.P.  RR 


V.  E.  Glosup 

Asst.  Vice  Pres.— Chief  Engr.,  C.M.St.P. 
&P.  RR. 

^   J-  B"^"^'^'  W.  A.  Oliver 

Chief  Engr.,   Burl.   Lines  p^^,-    ^^  ^ivil  Engrg.,  Univ.  of  111. 

K.  H.  Beeder  E.  M.  H.asti.\os,  Jr. 

Chief  Engr.  Sys.,  A.T.&S.F.  Ry.  Wire  Crossing  Engr.,  Sys..  C.&O.  Ry. 

C.  J.  Code  F.  N.  Beighlev 

A.sst.  Chief  Engr.— Staff.  Penn.  RR.  Rdway  Engr..  St.L.— S.F.   Ry. 

The  foregoing  committee,  the  consist  of  which  includes  the  five  latest  living  past 
presidents  of  the  .\ssociation  and  five  elected  members  of  the  Association  who  are  not 
past  presidents,  formulated  their  official  slate  of  nominations  at  a  meeting  in  Chicago 
on  October  8.  196.^,  which  nominations  were  presented  to  letter  ballot  vote  of  the 
membership  with   the  January-February   1964  issue  of  the   .AREA   News. 

Report  of  the  Tellers 
March   10,   1964 

We,  the  Committee  of  Tellers,  appointed  to  canvass  the  ballots  for  officers  and  for 
members  of  the  Nominating  Committee,  find  the  count  of  ballots  as  follows: 

No.  o) 
Votes 
For  President 

T.   F.   BvRRis,   General   Manager   of   Construction   and   Maintenance   of   Way, 
Che.sapeake    &    Ohio    Railway — Baltimore    &    Ohio    Railroad,    Huntington. 

W.    Va 1,559 

For  Senior  Vice  President* 

.\.   \'.   Johnston,  Chief   F'n«ineer.  Canadian   National   Railways,   Montreal,  Que. 
For  Junior  Vice  President 

J.  M.  Trissal,  Vice  President   and   Chief  Engineer,   Illinois  Central   Railroad, 
Chicago    1 ,547 
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No.  of 
Votes 
For  Directors  (first  four  men  elected) 

Hal  E.  Wilson,  Assistant  Chief  Engineer  System,  Atchison,  Topeka  &  Santa 
Fc  Railway,  Chicago    1 ,074 

J.  S.  Parsons,  Chief  Engineer,  Erie-Laci<awanna  Railroad,  Cleveland,  Ohio   .  .     900 

S.  H.  PooRE,  Oiftce  Engineer,  Chesapeake  &  Ohio  Railway,  Huntington,  W.  Va.     867 

F.  N.  Beiohlf.y,  Roadway  Engineer,  St.  Louis-San  Francisco  Railway,  Spring- 
field,  Mo 7.^4 

D.    C.    Hastings,    Assistant    \'ice    President    Operations,    Atlantic    Coast    Line 
Railroad,   Jacksonville,   Fla 7.i.S 

M.  S.  Reid,  Assistant  Chief  Engineer — Maintenance,  Chicago  &  North  Western 
Railway,   Chicago    687 

H.   B.   Christianson,   Jr.,   Director,   Industrial   Engineering   Department,   Mis- 
souri Pacific  Railroad,  St.  Louis,  Mo 638 

J.  S.  Snyder,  Assistant  District  Engineer,  Pennsylvania  Railroad,  Indianapolis, 
Ind ^-^5 

For  Members  of  Nominating  Committee  (first  five  men  elected) 

C.  Neufeld,  Engineer  of  Bridges,  Canadian  Pacific  Railway,  Montreal,  Que.   .  1,0.^2 
R.  L.  Mays,  Chief  Engineer,  New  York,  Chicago  &  St.  Louis  Railroad,  Cleve- 
land,   Ohio    982 

T.   D.   WoFFORD,   Jr.,   Assistant   to    Chief   Engineer,   Illinois   Central   Railroad, 
Chicago    932 

C.  G.  Davis,  Chief  Engineer,  Kansas  City  Southern  Railway,  Kansas  City,  Mo.     857 

D.  V.  Messman,  Assistant  to  Chief  Engineer,  Southern  Railway  System,  Wash- 
ington,  D.    C 779 

R.   W.   Maxjer,   Assistant    Engineer,   Atchison,   Topeka   &   Santa   Fe    Railway, 

Chicago    747 

M.  B.  Miller,  District  Engineer,  Pennsylvania  Railroad,  Cincinnati,  Ohio   .  .  .  704 

M.   C.  Wolf,  Valuation   Engineer,  Northern  Pacific  Railway,  St.  Paul,  Minn.  668 
K.  E.  Hornung,  Architect,  Chicago,  Milwaukee,  St.  Paul  &  Pacific  Railroad, 

Chicago    551 

J.  W.  Hayes,  Architect,  Great  Northern  Railway,  St.  Paul,  Minn 425 

*  Under    the    provisions    ot    the    Constitution,    .\.    V.    Johnston    advances    automatically    from    junior 
vice    president    to   .senior    vice   president. 

The  Committee  of  Tellers, 
J.  E.  Wiggins,  Jr.,  Chairman 
Office  Engr.,  Southern  Railway,  Sys. 

W.  F.  Arksey  V.   E.   Hall  C.  E.  Peterson 

R.   A.   Bardwell  g.  B.   Harris  H.  L.  Read 

H.   R.   Beckmann  l    a.  Hicks  E.  R.  Sanner 

T.  W.  Brown  ^y    ^    jjyma  D.  V.  Sartore 

J.     BUDZELINI  r.      T-,      t  u      c 

T.  p.  Burgess  I    °./^r'''  ?\?°™'- 

L.  A.  Cerrone  R-^^'  McBrian  J.  W.  Tucker 

K.  J.  DeCamp  C.  a.  Meadows  W.  S.  Tuinstra 

R.   Dejaiffe  R.  W.  Middleton  C.   R.  Waiilen 

W.  M.  Dowdy  D.  J.  Moody  H.  W.  Walbright 

H.  E.  Graham  G.  L.  Murdock  E.  R.  Wiltz 

A.  H.  Galbraith  I.  G.  Parks  F.  R.  Woolford 

W.  H.  Goold  R.  E.  Pearson  R.  G.  Zietlow 
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Proceedings 


Running    Report    of    the    63rd    Annual    Meeting    of    the    American    Railway 

Engineering   Association    (Engineering   Division,   Association   of  Amer- 

can    Railroads),    March   9-11,    1964,    Pick-Congress    Hotel,   Chicago, 

Including  Abstracts  of  All  Discussions,  All  Formal  Action  on 

Committee    Presentations,    Specific    Papers    and    Addresses 

Presented  in  Connection  with  Committee  Reports,  and 

Other    Official    Business    of    the   Association 

Opening    Session,    March    9,    1964 

President   L.   A.   Loggins*    Presiding 

The  opening  session  of  the  63rd  Annual  Meeting  convened  at  9:30  am. 
President    Loggins:    Members    of    the    American    Railway    Engineering    Association 
and  guests: 

Welcome  to  the  6>ird  Annual  Meeting  of  the  American  Railway  Engineering  Asso- 
ciation and  the  concurrent  Annual  Meeting  of  the  Engineering  Division  of  the  Asso- 
ciation of  American  Railroads. 

Before  we  begin  our  busy  two-and-a-half  day  schedule  of  work  and  deliberations, 
it  is  fitting  and  prop>er  that  we  ask  for  divine  guidance  and  assistance.  Dr.  Kenneth 
Hildebrand,  of  the  Central  Church  of  Chicago,  will  give  the  invocation.  Dr.  Hildebrand. 

Invocation 

Reverend  Kenneth  Hildebrand:   Let  us  unite  our  hearts  in  prayer. 

Almighty  and  Ever  Gracious  God,  under  Whose  mystery  and  majesty  we  spend  our 
days,  under  Whose  direction  our  work  is  done,  as  we  begin  our  deliberations  now  we 
invoke  Thy  presence  and  we  offer  Thee  our  praise. 

We  thank  Thee  for  the  privilege  of  being  here  in  concord  and  fellowship  to  take 
counsel  together  and  to  look  to  the  future.  By  Thy  wisdom  make  us  wise,  lest  our 
planning  be  unsound  and  our  purposes  therefore  futile. 

Grant  those  upon  whom  are  placed  the  burdens  of  leadership  the  twin  graces  of 
prudence  and  of  patience.  Make  us  builders  of  men  as  well  as  of  mighty  systems  over 
which  the  commerce  of  the  nation  can  traverse. 

In  these  strangely  tangled  times,  O  God,  help  us  to  build  and  maintain  not  only 
rights-of-way  and  bridges  across  physical  distances  and  physical  barriers,  but  also  across 
those  of  the  spirit  as  well — bridges  of  understanding  across  streams  of  misunderstanding, 
bridges  of  brotherhood  acro.ss  chasms  of  di.scord,  bridges  of  good  will  across  gullies 
of   bitterness. 

O  God,  if  ever  the  tide  of  cynicism  or  irresponsibility  beats  upon  the  breakwaters 
of  our  spirits,  make  that  which  we  have  constructed  within  be  strong  to  resist  it,  that 
we  can  do  justly  and  love  mercy  and  walk  humbly  with  our  God. 

Keep  us  ever  mindful,  we  beseech  Thee,  of  that  higher  .scrutiny  which  tests  the 
work  of  our  hands  and  the  intent  of  our  hearts,  whether  it  endure  or  be  as  the  chaff 
which   the   wind  driveth  away. 

"  rhiff    Kngincer,    Southern    Pacific    (■(inipany.    Texas   ami    Liiui>iaiia    Lines.    Hrnislnn.     lex. 
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We  thank  Thee,  our  Father,  for  our  mutual  nations  which  under  Thy  province 
are  set  this  day  as  on  a  hifih  hill,  a  city  that  cannot  be  hid.  Keep  them  ever  under  God, 
and  let  those  who  live  within  their  borders  live  and  act  like  God's  own  people. 

To  Thee  be  the  glory  and  the  dominion  and  the  majesty  and  the  praise,  both  now 
and  forevermore.  Amen. 


President  Loggins:  Thank  you,  Dr.  Hildebrand.  We  appreciate  your  very 
appropriate  invocation.  We  shall  be  pleased  to  have  you  remain  with  us  as  long  as  you 
desire,  but  you  should  feel  free  to  leave  at  any  time  you  choose. 

We  meet  here  in  a  new  environment  and  atmosphere,  new  to  some  of  us  but  not 
new  to  the  American  Railway  Engineering  Association.  The  Annual  Conventions  of  the 
Association  were  held  here  in  the  Congress  Hotel  from  1911  through  1926.  I  am  told 
that  the  last  of  those  conventions  was  in  1926  when  J.  M.  R.  Fairbairn,  chief  engineer 
of  the  Canadian  Pacific  Railway,  was  president.  There  may  be  some  members  here  who 
remember  and  who  even  participated  in  some  of  those  earher  conventions.  I  hope  all 
of  you  will  find  the  meeting  rooms  and  convention  facilities  to  be  well  adapted  to  this 
meeting.  I  imagine  many  of  those  early  meetings  were  held  in  this  same  room. 

There  is  no  equipment  exhibit  in  connection  with  this  convention,  but  we  are  glad 
to  see  so  many  railway  supply  people  present.  I  know  you  will  avail  yourselves  of  this 
opportunity  to  discuss  your  problems  with  them. 

Without  an  accompanying  exhibit,  and  following  so  closely  our  October  Member- 
ship Meeting  in  conjunction  with  the  American  Railway  Progress  Exposition,  it  was  not 
expected  that  the  attendance  at  this  convention  would  equal  that  of  many  of  our 
previous  conventions,  but  the  fact  that  advance  registration  between  10  am  and  3  pm 
yesterday  totaled  171  members  and  guests  indicates  that  we  can  expect  a  good 
attendance. 

We  are  especially  pleased  to  have  the  ladies  present.  Their  loyal  support  and  inter- 
est is  a  strong  guiding  influence  in  AREA.  We  welcome  you  ladies.  We  shall  be  happy 
to  have  you  attend  any  of  our  sessions  or  committee  presentations,  and  we  hope  you 
will  enjoy  the  convention  and  your  stay  in  Chicago.  I  particularly  invite  you  to  attend 
the  Closing  Business  Session  of  our  convention  at  noon  Wednesday,  when  our  new 
officers  will  be  installed. 

I  shall  now  introduce  those  sitting  at  our  speaker's  table — your  officers  and  directors, 
special  guests,  and  many  of  our  past  presidents.  As  I  call  your  name,  please  stand 
momentarily  to  be  recognized.  It  will  be  appreciated  if  you  will  withhold  your  applause 
until  all  have  been  introduced. 

First,  I  should  Hke  to  present  our  past  presidents,  who  are  seated  at  my  right,  and 
beginning  with  our  most  recent  past  president: 

C.  J.  Code,  president  1962-196.?,  assistant  chief  engineer — staff,  Pennsylvania 
Railroad,  Philadelphia,  Pa. 

R.  H.  Beeder,  president  1961-1962,  chief  engineer  system,  Atchison,  Topeka  &  Santa 
Fe  Railway,  Chicago. 

E.  J.  Brown,  president   1960-1961,  chief  engineer,  Burlington  Lines,  Chicago. 

F.  R.  Woolford,  president  1959-1960,  chief  engineer.  Western  Pacific  Railroad,  San 
Francisco,  Calif. 

B.  R.  Meyers,  president  1958-19.SQ,  vice  president  and  chief  engineer,  Chicago  & 
North  Western  Railway,  Chicago. 

Ray  McBrian,  president  1957-1Q58,  direclur  of  research,  Denver  &  Rio  Grande 
Western   Railway,  Denver,  Colo. 
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Wm.  J.  Hedley,  president  1956-1957,  assistant  vice  president,  Wabash  Railroad, 
St.  Louis,  Mo. 

G.  M.  O'Rourke.  president  1955-1956,  retired  assistant  engineer  maintenance  of 
way,  Illinois  Central  Railroad,  Chicago. 

G.  W.  Miller,  president  1954-1955,  assistant  general  manager.  Eastern  Region, 
Canadian  Pacific  Railway,  Toronto,  Ont. 

T.  A.  Blair,  president  1951-1952,  retired  chief  engineer,  system,  Atchison,  Topeka  & 
Santa  Fe  Railway,  Park  Ridge,  111. 

Next  I  shall  present  our  treasurer  and  our  executive  secretary.  Our  treasurer  is 
A.  B.  Hillman,  retired  chief  engineer  of  the  Chicago  &  Western  Indiana  Railroad  and 
Belt  Railway  of  Chicago. 

And  now,  our  executive  secretary,  Neal  D.  Howard. 

The  first  two  gentlemen  to  my  left  are  your  two  vice  presidents.  First,  your  senior 
vice  president,  T.  F.  Burris,  general  manager  construction  and  maintenance  of  way, 
Chesapeake  &  Ohio  Railway  and  Baltimore  &  Ohio  Railroad,  Huntington,  W.  Va. 

Your  junior  vice  president,  A.  V.  Johnston,  chief  engineer,  Canadian  National  Rail- 
ways, Montreal,  Que. 

I  shall  skip  the  next  two  for  the  moment,  and  recognize  the  members  of  your 
Board  of  Direction  in  the  order  of  their  seniority  on  the  Board. 

J.  E.  Eisemann,  chief  engineer.  Western  Lines,  .Atchison,  Topeka  &  Santa  Fe  Rail- 
way, Amarillo,  Tex. 

W.  H.  Huffman,  assistant  chief  engineer — construction,  Chicago  &  North  Western 
Railway,  Chicago. 

W.  L.  Young,  chief  engineer,  Norfolk  &  Western  Railway,  Roanoke,  W.  Va. 

T.  B.  Hutcheson,  chief  engineer,  Seaboard  Air  Line  Railroad,  Richmond,  Va. 

C.  E.  Defendorf,  chief  engineer.  New  York  Central  System,  New  York. 

John  Ayer,  Jr.,  vice  president — operations,  Denver  &  Rio  Grande  Western  Railroad, 
Denver,  Colo. 

A.  L.  Sams,  assistant  chief  engineer,  Illinois  Central  Railroad,  Chicago. 

B.  B.   Lewis,  professor   of   railway  engineering,  Purdue  University,  Lafayette.   Ind, 
H.  M.  Williamson,  chief  engineer  system.  Southern  Pacific  Company,  San  Francisco, 

Calif. 

Now   you   may   applaud.    [Applause] 

In  making  these  introductions  I  skipped  two  special  guests  at  the  speaker's  table 
because  they  will  be  presented  to  you  later  in  our  program. 

The  first  item  of  official  business  on  our  program  is  the  approval  of  the  minutes 
of  the  1963  Annual  Meeting,  which  were  published  in  the  June-July  1963  Proceedings 
issue  of  the  AREA  Bulletin,  a  copy  of  which  was  sent  to  each  member.  Unless  I  hear 
some  objections  or  corrections  to  these  minutes,  I  shall  dispense  with  the  reading  of  their 
some  200  pages. 

I  shall  entertain  a  motion  that  the  minutes  be  approved. 

[A  motion  that  the  1963  minutes  be  approved  was  duly  made,  was  seconded,  was 
put  to  a  vote,  and  carried.] 

Prestoent  Logcins:  I  now  want  to  take  a  few  minutes  to  review  and  to  comment 
about  the  .As.sociation's  activities  of  the  past  year. 


662  OpeninR   Session 


Address  of  President  L.  A.  Loggins 

At  the  annual  convention  last  March  it  was  announced  that  the  American  Railway 
Progress  Exposition  would  be  held  in  Chicago  in  October  of  1963,  with  AREA  par- 
ticipation, and  that  the  AREA  theme  for  the  year  would  be  "Progress."  I  announced 
that  we  would  return  to  our  regular  two-and-one-half  day  annual  meeting  pattern  in 
March  1964,  with  full  membership  attendance  and  participation.  All  committees  were 
called  upon  to  continue  their  usual  good  work  and  to  prepare  even  better  reports  for 
the  convention.  A  drive  for  new  members  was  launched  with  a  goal  of  400  new  members 
by  February  1,  1964.  All  of  these  things  have  been  accomplished  to  a  large  extent. 

The  past  year  has  been  an  interesting  one  for  me.  I  have  visited  and  participated 
in  the  meetings  of  many  of  our  committees.  I  have  kept  in  almost  constant  touch  with 
our  Chicago  headquarters  office  and  have  learned  a  great  deal  about  the  many  rami- 
fications of  the  workings  of  the  AREA. 

The  past  year  has  been  a  good  one  for  the  Association,  as  will  be  shown  by  the 
executive  secretary's  report.  Our  financial  situation  is  strong.  We  have  369  new  members, 
including  those  reinstated.  Thanks  to  Director  T.  B.  Hutcheson,  his  Membership  Com- 
mittee, and  to  all  who  participated  in  the  membership  drive.  I  am  sure  many  of  our 
new  members  are  present  and  I  sincerely  hope  they  will  become  active  in  Associa- 
tion work. 

We  feel  that  AREA  participation  in  the  October  American  Railway  Progress  Expo- 
sition contributed  to  its  success.  The  vast  exhibit  exemplified  the  fine  work  of  the  rail- 
way supply  people  who  have  continued  to  progress  the  development  of  new  equipment, 
materials  and  supplies  to  make  it  possible  for  railroad  engineering  and  maintenance 
people  to  do  a  better  job — more  efficiently,  more  economically  and  more  lasting.  Their 
cooperation  is  appreciated,  and  I  feel  sure  they  will  continue  to  accelerate  their  studies, 
testing  and  research   toward  bigger  and  higher  goals. 

The  research  program  conducted  by  the  AAR  research  staff,  headed  by  W.  M. 
Keller,  vice  president,  and  G.  M.  Magee,  director  of  engineering  research,  with  funds 
provided  by  the  Association  of  American  Railroads,  has  been  of  great  value  to  the  indus- 
try and  to  the  AREA.  Their  cooperation  and  assistance  has  been  a  great  help  to  our 
committees,  which  are  the  very  backbone  of  this  Association. 

The  quality  of  committee  work  and  reports  and  the  manner  in  which  committee 
meetings  are  planned  and  conducted  are  the  keys  to  the  success  and  the  future  of  the 
American  Railway  Engineering  Association.  After  all,  the  principal  reason  for  the  exist- 
ence of  the  AREA  is  the  assistance  and  benefit  it  can  give  to  the  railroads  through 
their  engineering  and  maintenance  of  way  people. 

As  long  as  our  Association  is  the  most  efficient  agency  for  obtaining  required  infor- 
mation and  results,  we  shall  continue  to  prosper  and  to  obtain  the  full  support  of  our 
members  and  of  the  railroads.  As  our  committees  go,  so  goes  AREA.  With  this  in  mind 
I   urge   the   greatest  interest,   diligence  and  efficiency  in  committee  work. 

Committee  assignments  have  been  kept  flexible,  consistent  with  the  fast-changing 
technology  and  progress  in  the  railroad  industry.  Our  22  committees  have  reported  on 
122  assignments  in  the  fall  and  winter  Bulletins.  Those  reports,  together  with  a  number 
of  special  features,  will  provide  an  interesting  and  informative  program  for  this 
convention. 

This  is  an  era  of  rapid  change  in  the  transportation  industry,  in  the  railroad  indus- 
try particularly.  During  these  times  of  sharp  competition  with  other  forms  of  trans- 
portation  the  work  of  AREA  becomes  even  more  important.  In  preparing  my  address 
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for  this  convention,  I  read  many  AREA  Proceeding's  and  jjublications  with  two  things 
in  mind — one,  to  obtain  ideas  and  information  and,  two,  to  avoid  repetition.  I  found 
what  I  wanted  hut   I  also  founcf  somethinu  I  want  to  repeat — and  here  it  is: 

WuAT  THE  AREA   Symbolizes 

American  Railwa\-  Engineerinji  Association  is  synonymous  with  ACCOMPLISH- 
MENT and  SERMCE.  By  vi^or  and  virility;  by  activity  and  achevement ;  by  improve- 
ment of  technique  and  invaluable  contributions  to  engineering  science  and  art — the 
Association  has  justified  itself  and  demonstrated  valid  reason  for  its  continuance. 

Its  founders  had  prophetic  minds  in  regard  to  its  future,  and  the  ardent  zeal  shown 
in  its  workings  throughout  sub.sequent  years  is  unparalleled  in  any  similar  organization. 

The  predominant  position  of  the  AREA  is  in  large  measure  due  to  the  individual 
character  of  its  membership  and  to  the  spirit  of  voluntary  cooperation.  Its  members, 
drawn  from  all  parts  of  the  North  American  Continent,  have  learned  to  work  together, 
and  to  work  successfully,  for  a  common  purpose — to  benefit  the  transportation  industry. 

The  charter  of  our  existence  provides  that  we  shall  devote  ourselves  to  the 
"advancement  of  knowledge  pertaining  to  the  scientific  and  economic  location,  con- 
struction,  operation   and   maintenance   of   railways." 

The  pubHshed  records  of  the  Association  are  evidence  that  that  program  has  been 
adhered  to.  The  splendid  work  performed  by  the  American  Railway  Engineering  Asso- 
ciation in  the  past  quarter-century  is  an  assurance  that  its  future  activities  will  be 
conducted  with  equal  thoroughness  and  efficiency. 

Now,  that  might  well  have  been  written  for  this  meeting.  Actually  it  is  found  in 
Vol.  26  (1925)  Proceedings,  as  part  of  the  president's  address  by  G.  J.  Ray  at  the  1925 
.\nnual  Convention.  AREA  is  still  measured  by  the  individual  character  of  its  members 
and  by  that  fine  spirit  of  voluntary  cooperation.  We  devote  ourselves  to  the  advance- 
ment of  knowledge  jjertaining  to  the  scientific  and  economic  location,  construction, 
operation  and  maintenance  of  railroads.  Our  members,  drawn  from  all  parts  of  the 
North  American  Continent,  do  work  together,  and  work  successfully,  to  benefit  the 
railroad   transportation   industry. 

Again,  I  repeat — "Those  who  have  preceded  us  have  done  their  work  well.  We  have 
a  past  of  achievement,  but,  more  important,  we  have  a  future  of  opportunity."  Let  us 
meet   it   with   the   best   we   have. 

Thank  you.   [Applause] 


President  Loocins  [continuing]:  I  am  reminded  by  our  secretary  that  photograph- 
ers are  standing  by  to  take  our  picture.  Maybe  this  is  as  good  a  time  as  any  for  this. 
If  our  secretary  has  any  special  instructions  to  give  you  in  connection  with  the  picture, 
I  ask  him  to  give  them  now. 

Executive  Secretary  Neal  D.  Howard:  Thank  you,  Mr.  President.  I  do  have 
some  instructions.  Gentlemen,  I  ask  your  cooperation  and  indulgence  in  permitting  us 
to  take  a  couple  of  pictures  of  this  group.  We  are  doing  this  at  great  expense.  It  has 
been  10  years  at  least  since  we  have  had  a  picture  of  one  of  our  general  convention 
sessions.  First,  we  need  one  of  you  at  work,  looking  at  the  speaker's  table;  then,  if 
you  will  bear  with  us  for  about  a  minute  and  a  half  while  we  change  flash  bulbs,  we 
shall  take  a  second  picture  and  shall  ask  you  to  look  at  the  camera,  if  you  will,  please. 
If  you  are  ready,  camera  man,  and  if  the  president  will  stand  here,  we  shall  take  the 
pictures. 

Just  one  more  thing.  We  have  a  picture  of  this  group  taken  about  ten  years  ago, 
and  there  are  some  vacant  scats  shown  in  that  picture.  It  has  been  criticized  because 
we  didn't  have  a  full  house.  There  are  ten  empty  .seats  here  now,  and  they  have  to  be 
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filled  before  the  pictures  are  taken.  1  need  ten  of  nou,  not  just  two,  and  the  faster 
you  come  down  here  the  better.   [Laughter J 

[The   convention   pictures   were   taken.] 

President  Loggins:  My  attention  has  been  called  to  the  fact  that  William  T. 
Faricy,  retired  president  of  the  Association  of  American  Railroads,  has  just  come  in. 
Will  you  stand  and  be  recognized,  Mr.  Faricy?   [Applause] 

The  next  order  of  official  business  is  the  report  of  our  executive  secretary,  Neal 
Howard.   Mr.   Howard. 

Report  of  the  Executive  Secretary 

Mr.  President,  members  of  the  American  Railway  Engineering  .Association,  and 
guests:  The  annual  report  of  your  secretary,  which,  awaiting  final  figures,  could  not  be 
completed  until  January  31,  with  the  close  of  the  Association's  Membership  Year  on 
that  date,  is  again  quite  a  voluminous  document,  which  covers  in  some  detail  all  aspects 
of  the  Association's  activities  in  1963.  It  appears  in  full  in  the  March  Year  Book 
Bulletin,  but  since  that  Bulletin  is  only  this  week  being  mailed  to  members,  quite  obvi- 
ously few  if  any  of  you  have  seen  the  report.  So  I  am  glad  to  have  this  opportunity  to 
comment  on  its  contents,  both  because  the  report  in  general  is  favorable,  and  because 
so  many  of  you  contributed  to  make  it  so. 

Along  with  the  railroads  generally,  our  Association  had  a  better  year  in  1963  than 
in  1962,  and  while  improved  economic  conditions  were  undoubtedly  a  contributing 
factor,  the  better  Association  year — as  in  the  case  of  the  railroad  industry  generally — 
was  largely  the  result  of  its  own  decisions  and  efforts.  Major  factors  in  this  latter  regard 
were  its  decision  to  maintain  the  work  of  the  Association  and  its  committees  undimin- 
ished and  on  schedule  by  holding  a  restricted-program,  general  business  meeting  in 
March,  and  then  participating  wholeheartedly  in  the  oustandingly  successful  American 
Railway  Progress  Exposition  in  October;  keeping  its  expenditures  under  careful  control; 
and  tackling  aggressively  the  Number  1  problem  which  had  reared  its  head  during  the 
two  previous  years — loss  in  membership.  All  of  these  things  were  done  so  effectively 
that,  in  spite  of  some  adverse  influences,  the  close  of  1963  saw  the  achievements  of  the 
Association  at  a  high  level,  its  finances  in  a  sound  condition,  and  the  downward  trend 
in  its  membership  definitely  reversed. 

I  will  not  attempt  to  recount  here  details  of  the  Association's  two  meetings  in  1963 
— in  March  and  in  October — except  to  say  that  under  the  circumstances  presented  by 
the  interjection  of  the  Railroad  Exposition  in  October,  these  two  meetings  filled  all  of 
the  requirements  for  keeping  the  machinery  and  committees  of  the  Association  func- 
tioning smoothly,  while  contributing  to  and  reaping  the  benefits  of  the  fall  Exposition. 
Viewed  in  retrospect,  some  minor  refinements  in  the  1963  plans  might  have  been  in 
order,  but,  generally  speaking,  they  functioned  so  smoothly  as  to  indicate  a  most  desir- 
able pattern  for  any  future  years  in  which  there  may  be  a  repetition  of  the  1963 
Railway  Progress  Exposition. 

The  happiest  thought  with  respect  to  the  past  year  was  the  reversing  of  the  down- 
ward trend  in  membership.  A  year  ago  I  expressed  serious  concern  regarding  the  Asso- 
ciation's developing  membership  record,  pointing  out  that  after  an  unbroken  record  of 
membership  growth,  year  after  year,  since  1944,  the  membership  had  slipped  backward 
in  three  of  the  last  five  years,  including  1962.  I  maintained  that  the  solution  of  the 
Association's  membership  problem  lay  largely  in  the  enrollment  of  a  larger  percentage 
of  the  qualified  unaffiliated  employees  in  the  engineering  and  maintenance  departments 
of  the  railroads — both  long-time  employees  and  new  employees. 
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Immediately,  on  this  basis,  several  methods  of  approach  were  made  to  the  problem, 
and  while  each  was  effective  in  its  own  way,  I  am  sure  that  the  most  effective  was  the 
cooperation  extended  by  chief  engineering  and  maintenance  officers — and  others — in 
reviewing  current  AREA  memberships  among  the  personnel  on  their  respective  roads 
and  recommending  membership — either  direct  or  through  the  secretary's  office — to  those 
who  would  derive  benefit  from  membership,  and  who,  at  the  same  time,  would  benefit 
their  railroad  and  strengthen  the  Association.  To  everyone  who  cooperated  in  this  way, 
the  Association  owes  a  debt  of  thanks. 

The  result,  as  President  Loggins  has  told  you,  was  the  enrollment  or  reinstatement 
in  the  Association  during  the  year  of  a  total  of  368 — more  than  twice  as  many  as  in 
any  recent  year.  Equally  significant  is  the  fact  that  as  the  result  of  fewer  losses  through 
resignations  and  members  dropped  for  non-payment  of  dues  (which  may  have  been 
influenced  favorably  by  the  membership  effort),  and  in  spite  of  a  larger  number  of 
deaths,  the  total  membership  in  the  Association  rose  to  within  2  of  an  even  3400  at  the 
end  of  the  1963  Membership  Year,  which  was  only  9  members  fewer  than  the  all-time 
high   membership  figure  of  3407   on  January  31,   1961. 

Maybe  we  should  be  satisfied  with  this  membership  achievement  in  1963,  but  I 
cannot  be.  because  I  am  satisfied  that  we  have  not  yet  reached  the  desired  and  war- 
ranted degree  of  membership  saturation  on  many  railroads.  Thus,  I  feel  that  the  "new 
member"  effort  of  the  past  year  must  be  a  continuing  effort,  supported  by  every  mem- 
ber, with  special  responsibility  resting  upon  the  secretary's  office,  the  officers  and  direc- 
tors of  the  Association,  and  on  those  other  members  in  higher  supervisory  capacities 
on  their  railroads.  Only  in  this  way,  I  am  convinced,  can  the  large  inevitable  losses  in 
membership  each  year  be  offset;  can  the  Association  remain  as  strong  as  it  should  be; 
can  its  efforts  be  the  most  productive;  and  can  its  benefits  be  the  most  valuable  and 
widespread. 

At  the  risk  of  encroaching  too  much  on  the  time  of  this  session,  I  would  like  to 
comment  briefly  on  just  two  other  matters  which  are  of  concern  to  me. 

Association  committee  work  has  continued  at  a  high  level,  with  keen  interest  and 
activity  on  the  part  of  most  committee  members.  This  is  evidenced  by  the  fact  that 
1118  members,  representing  practically  every  railroad  in  the  United  States  and  Canada, 
occupied  1202  places  on  committees  in  1963,  and  that  many  railroads  had  their  full 
quota  of  members  on  committees.  For  1964,  an  even  larger  number  of  members,  at  their 
request,  have  been  assigned  to  committees. 

But  the  most  effective  and  otherwise  successful  committee  work  is  not  measured 
in  terms  of  the  number  of  members  on  committee  roles.  It  can  be  measured  only  by 
the  number  of  interested  and  actively  participating  members. 

My  e.xamination  of  committee  meeting  records  of  the  past  year  indicates  that,  at 
least  in  the  case  of  some  committees,  there  is  something  further  to  be  desired  in  com- 
mittee meeting  attendance  and  activity.  I  realize  fully  that  there  are  an  increasing  num- 
ber of  factors  which  contribute  to  this  situation — to  mention  only  the  increasing 
responsibility  and  pressure  today  on  most  engineering  and  maintenance  officers  and  the 
greater  restrictions  on  pass  privileges.  But  "you  can't  have  your  cake  and  eat  it  too", 
and  if  members  and  their  railroads  want  to  make  the  AREA  most  productive,  and  want 
to  get  the  most  out  of  the  Association,  they  must  find  a  way  to  overcome  thc^c 
obstacles  to  greater  participation  in  committee  activities. 

The  other  thing  on  which  I  would  like  to  comment,  just  briefly,  is  something  which 
the  Association — and  especially  its  committees — can't  be  too  happy  about.  In  fact,  it  is 
something  that  is  discouraging,  if  not   frustrating,  to  .several  committees.  I  refer  to  the 
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relatively  small  amount  of  money  that  is  made  available  annually  to  initiate  and 
progress  the  research  projects  proposed  or  sponsored  by  them — $208,100  in  1963,  and 
$199,200  for  1964 — for  less  than  requested  in  each  of  these  years.  Unless  this  latter 
figure  can  be  augmented  by  supplemental  appropriations  later  in  the  year,  1964  will  see 
further  delay  and  deferment  of  Engineering  Division  research  and  technical  services  as 
visualized  and  hoped  for  by  AREA  committees  and  your  Board  of  Direction. 

But,  while  everything  isn't  just  as  we  in  the  AREA  would  want  it  to  be  in  several 
respects,  the  Association,  by  its  own  policies  and  efforts,  and  with  the  continued  coop- 
eration and  support  of  the  railroads,  can  with  assurance  look  forward  to  an  active  and 
fruitful  vear   in   1964— even   more  so   than   the  year  just  past.  Thank  you.    [Applause] 


President  Loggins:  Thank  you,  Mr.  Howard.  I  am  sure  our  members  are  pleased 
to  hear  your  report  of  a  successful  year.  The  theme  for  the  Association  during  the  past 
year  was  "Progress,"  and  your  report  indicates  that  we  have  made  progress  in  many 
respects. 

The  Association  has  made  a  worthy  contribution  to  the  railroad  industry  and  to 
our  profession,  and  we  can  look  to  the  future  with  confidence.  I  want  to  thank  all  of 
those  who  had  a  part  in  bringing  this  about — our  executive  secretary  and  his  staff,  our 
officers  and  directors,  our  committee  chairmen  and  members,  and  all  others  who 
collaborated  in  any  way. 

The  next  order  of  business  is  the  report  of  our  treasurer,  A.  B.  Hillman,  retired 
chief  engineer,  Chicago  &  Western  Indiana  and  Belt  Railway  of  Chicago.  Mr.  Hillman. 

Report  of  the  Treasurer 

Mr.  President,  members  and  guests:  At  our  Annual  Business  Meeting  last  March 
I  was  pleased  to  be  able  to  report  to  you  that  for  1963  your  Board  had  approved  a 
balanced  budget — in  fact,  a  budget  contemplating  receipts  over  expenditures  of  some 
$1900.  Even  though  to  be  achieved  largely  through  the  curtailment  of  certain  expendi- 
tures and  the  deferrment  of  others,  I  said  that  to  be  able  to  adopt  such  a  budget  was 
especially  fortunate  in  view  of  the  deficit  of  $11,250  incurred  in  1962.  I  also  pointed  out 
in  my  comments  to  you  last  March  that  the  favorable  budget  for  the  year  could  be 
achieved  only  by  a  continuation  of  at  least  the  then  level  of  membership,  a  continued 
heavy  demand  for  the  publications  of  the  Association,  and  continued  interest  in,  and 
support  of,  the  activities  of  the  Association  by  all  the  railroads.  That  these  favorable 
conditions  have  prevailed — to  a  greater  extent  than  anticipated — ^thanks  to  the  interest 
and  effort  of  many — is  apparent  in  the  financial  statement  for  the  year  as  a  whole, 
which  shows  an  excess  of  receipts  over  expenditures  of — not  the  $1900  contemplated  in 
the  budget— but  actually  $7,496. 

I  will  not  detail  the  various  items  of  receipts  and  disbursements  during  1963,  all 
of  which  appear  in  the  financial  statement  presented  in  the  March  Bulletin,  but  I  would 
like  to  comment  briefly  on  our  receipts  and  disbursements  for  the  past  year,  and  on  the 
financial  prospects  for  the  year  ahead.  Not  only  was  our  level  of  Membership  Receipts 
maintained,  but  due  to  the  healthy  influx  of  memberships  referred  to  by  our  secretary. 
Membership  Receipts  during  the  year  exceeded  estimation  by  some  $2,650,  and  total 
receipts  exceeded  estimation  by  $2,725.  This  indicates  that  other  receipts  were  about 
as  anticipated. 

On  the  expenditure  side,  total  disbursements  for  the  year  were  some  $3,365  under 
anticipated  disbursements,  due  largely  to  fewer  pages  in  the  Bulletin,  deferment  of  one 
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publication,  and  certain  printshop  economics.  Thus  the  Association  continues  in  a  sound 
financial  condition — better  than  at  the  close  of  cither  1961  or  1962. 

Unlike  1963,  the  year  ahead  is  certain  to  present  a  financial  problem.  On  the  one 
hand,  there  is  very  little  possibility  of  augmenting  Association  receipts  in  1964.  At  the 
same  time,  1964  will  be  a  heavy  publication  year  and  will  see  increased  postage  rates. 
So,  the  year  ahead,  unavoidably  and  for  fully  justified  reasons,  is  certain  to  be  a  deficit 
year  for  the  Association.  This  will  be  true  even  if  it  is  decided  to  defer  the  production 
and  distribution  of  any  free  or  non-self-supporting  publications  until  a  year  when  a 
balanced  budget  is  in  prospect.  This  situation  makes  it  all  the  more  gratifying  that  the 
Association  had  a  favorable  year  financially  in  1963.  Confronted  with  the  prospect  of  a 
deficit  in  1964,  it  can  be  assumed,  I  am  sure,  that  your  officers  and  directors  will  make 
every  effort  to  augment  income  and  to  hold  down  disbursements,  to  the  end  that  the 
anticipated   deficit   will   be   the   minimum   possible.  Thank  you.    [Applause] 


President  Loggins:  Thank  you,  Mr.  Hillman.  It  is  gratifying  to  all  of  us  that  you 
report  the  Association  year  ending  in  the  black.  We  greatly  appreciate  your  continued 
valuable  ser\dce  to  our  Association  as  its  treasurer. 

Gentlemen,  you  have  heard  the  reports  of  our  secretary  and  our  treasurer.  A  motion 
is  in  order  that  these  reports  be  accepted. 

[A  motion  to  accept  both  reports  was  made,  was  duly  seconded,  was  put  to  a  vote, 
and  carried..] 

President  Loggins:  I  now  want  to  recognize  one  of  those  at  our  speaker's  table 
whom  I  purposely  skipped,  and  give  him  an  opportunity  to  bring  greetings  from  the 
National  Railway  Appliances  Association — that  group  of  outstanding  railroad  suppliers 
which  has  put  on  so  many  splendid  exhibits  in  conjunction  with  our  conventions  over 
many  years,  and  with  which  we  have  always  had  such  cordial  and  profitable  relations. 

Mr.  Betts,  we  are  pleased  to  recognize  you  and  your  Association  here  this  morning, 
and  shall  be  glad  to  have  a  word  from  you. 

Greetings  from  NRAA 

G.  R.  Beits  [President  NRAA]:  President  Loggins,  AREA  members,  ladies  and 
guests: 

It  has  always  been  a  privilege  to  have  a  representative  of  the  National  Railway 
Appliances  Association  appear  before  you  and  to  reaffirm  that  our  members  enjoy  this 
very  close  and  cordial  relationship  which  has  existed  between  our  two  Associations  for 
these   many  years. 

We  have  two  items  to  announce  that  I  hope  will  be  good  news.  One  is  that  we  are 
now  looking  forward  to  a  successful  exhibition  next  year,  concurrent  with  your  conven- 
tion on  March  22-25,  1965.  We  shall  be  very  pleased  to  have  your  interest  and  coop- 
eration in  this  1965  show,  and  we  have  good  reason  to  believe  it  will  be  as  successful 
as  the  March  1961  show  proved  to  be. 

Another  item  that  I  hope  will  be  of  interest:  .^s  you  register  you  will  be  invited 
to  attend  a  social  hour  spon.sored  by  NR.\A  and  its  members  tomorrow  evening  at 
5:30  pm  on  the  first  floor  of  this  hotel,  at  the  south  end  of  the  building.  Your  registra- 
tion badge  will  admit  you  and  your  lady.  We  are  looking  forward  to  a  very  pleasant 
get-together   at   that   time. 

On  behalf  of  all  the  members  of  the  National  Railway  Appliances  Association  we 
extend  our  sincere  best  wishes  for  the  success  of  your  1964  convention.  I  appreciate  the 
opportunity  of  appearing  before  you.   [Applause] 
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President  Loogins:  Thank  you,  Mr.  Retts.  We  appreciate  the  splendid  cooperation 
of  3'our  group.  The  National  Railway  Appliances  Association  has  been  an  invaluable 
asset  to  our  Association  and  to  the  railroad  industry.  We  look  forward  with  anticipation 
to  your  exhibits  next  year  at  McCormick  Place  in  conjunction  with  our  1965  convention. 

At  this  point,  although  it  is  not  on  the  official  program  of  this  meeting,  I  want  to 
recognize  another  member  of  the  National  Railway  Appliances  Association,  both  in  his 
official  capacity  in  that  Association  and  also  as  the  oldest  member  from  the  standpoint 
of  service  on  the  Convention  Arrangements  Committee  of  this  Association.  I  do  this 
because,  effective  May  1,  I  am  told,  he  is  retiring  and  moving  to  Florida,  and  we  may 
not  see  so  much  of  him  after  that  time. 

Sam  Johnson,  executive  secretary  of  the  National  Railway  Appliances  Association, 
a  member  of  the  AREA  Convention  Arrangements  Committee  continuously  since  1923, 
and  chairman  of  that  committee  in  1960  during  the  administration  of  President  Wool- 
ford,  is  present  in  the  audience,  and  I  shall  appreciate  it  if  he  will  either  come  to  the 
microphone  or  stand  where  he  is  and  let  us  give  him  a  hand.  [Applause]  Thank 
you,   Sam. 

The  applause  you  have  received  expresses,  better  than  I  can  say,  the  appreciation 
of  the  Association  for  your  long  and  valuable  service  in  the  execution  of  our  conventions. 
We  all  wish  for  you  and  Mrs.  Johnson  many  years  of  health  and  happiness  in  your 
retirement. 

The  outstanding  feature  of  our  opening  session  will  be  the  address  by  Curtis  D. 
Buford,  vice  president.  Operations  and  Maintenance  Department,  Association  of  Amer- 
ican Railroads,  which  will  set  the  stage  for  the  busy  sessions  ahead  of  us  during  the 
next  two  days  and  will  stimulate  and  inspire  us  as  we  undertake  the  Association's 
program   for  the  year  ahead. 

Mr.  Buford  is  well  known  to  most  of  us,  and  it  seems  superfluous  to  make  any 
extended  introduction;  but  for  the  benefit  of  a  few  who  have  not  had  the  privilege 
and  pleasure  of  knowing  our  speaker,  I  shall  give  a  brief  sketch  of  his  background. 

He  is  the  son  of  the  late  Charles  H.  Buford,  who  was  also  vice  president,  Opera- 
tions and  Maintenance  Department,  AAR,  from  1939  to  1946,  and  was  subsequently 
president  of  the  Chicago,  Milwaukee,  St.  Paul  &  Pacific  Railroad.  Mr.  Buford  is  an 
engineer  by  education  and  has  been  a  member  of  AREA  since  1955.  He  was  graduated 
from  Massachusetts  Institute  of  Technology  in  1942,  and  shortly  thereafter  entered  the 
Corps  of  Engineers,  U.  S.  Army,  as  second  lieutenant.  He  soon  became  connected  with 
the  Military  Railway  Service  and  served  in  various  military  railway  units  in  the  United 
States,  Alaska  and  Europe.  While  in  Europe  he  was  attached  to  the  Second  Military 
Railway  Service  Headquarters.  He  became  a  captain  and  was  advanced  to  the  grade 
of  major. 

Mr.  Buford  entered  civilian  railroad  service  in  1946  in  the  transportation  depart- 
ment of  the  New  York  Central  System.  In  that  department  he  held  successively  the 
positions  of  trainmaster,  assistant  superintendent  of  freight  transportation,  division 
superintendent,  and  then  was  assistant  general  manager  of  that  railroad's  Western 
District  at  Cleveland,  Ohio,  until  he  was  called  into  the  service  of  the  Association  of 
American  Railroads  on  August  10,  1959  as  vice  president.  Operations  and  Maintenance 
Department.  This  is  the  largest  single  department  in  the  AAR.  The  AREA,  as  the 
Engineering  Division  of  the  AAR,  is  a  part  of  that  department. 

We  are  pleased  to  have  Mr.  Buford  on  our  program.  He  will  now  address  us  on 
the  subject,  "Engineering  Our  Future".  Mr.  Buford.   [Applause] 
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Engineering  Our  Future 


By  CURTIS  D.   BUFORD 

Vice   President,   Operations  and   Maintenance   Department,   Association  of  American   Railroads 

This  meeting  marks  the  65th  anniversary  of  the  founding  of  the  American  Railway 
Engineering  Association.  Far  from  reaching  the  age  of  retirement,  it  seems  to  me  that 
your  organization  must  have  all  of  the  vigor  and  enthusiasm  it  possessed  in  1899.  The 
accomplishments  and  success  of  your  organization  and  the  Association  of  American 
Railroads  Engineering  Division  have  been  largely  due  to  the  exemplary  leadership  given 
by  the  most  qualified  railroad  engineers  in  our  industry,  ably  assisted  by  the  untiring 
and  devoted  efforts  of  your  executive  secretary,  Neal  Howard,  his  staff,  and  their 
predecessors.  Let  me  take  this  opportunity  of  congratulating  Xeal,  your  president,  your 
board,  and  general  committee,  and  all  of  you  committee  chairmen  who  have  worked 
so  hard  and  continue  to  do  everything  of  which  you  are  capable  to  make  the  efforts  of 
this  organization  meaningful.  Your  engineering  standards  have  come  to  be  world  stand- 
ards in  many  countries. 

As  other  speakers  have  mentioned,  it  was  just  live  months  ago  that  we  met  here 
in  Chicago  at  the  opening  of  the  American  Railway  Progress  Exposition.  Surely  we  can 
recall  with  considerable  pride  that  great  show  of  railroad  progress  and  confidence  in 
the  future  of  our  industry.  The  success  of  the  Combined  Railway  Suppliers  Exhibits 
was  underscored  by  the  attendance  of  over  75,000  visitors,  including  not  only  railroad 
officials  and  railway  suppliers,  but  governmental  officials,  congressmen,  foreign  visitors 
and  the  general  public.  Plans  are  already  being  made  for  the  holding  of  another 
exposition  in  the  fall  of   1967. 

Having  passed  this  "milestone  of  progress,"  we  have  embarked  on  the  beginning  of 
a  bright  new  era  for  railroading.  Last  October,  we  talked  of  the  "quiet  revolution"  which 
was  then  bringing  about  increasing  improvement  and  modernization  of  freight  and  pas- 
senger service.  The  accelerating  tempo  of  events  since  last  fall  has  turned  this  "quiet 
revolution"  into  a  noisy  one. 

Each  day  we  hear  of  orders  for  more  equipment,  of  expanded  railroad  services, 
adoption  of  new  techniques  and  ideas.  Underlying  this  turn  of  events  is  a  very  basic 
maxim  which  prefixed  "Poor  Richard's  Almanac"  over  200  years  ago — "God  helps  them 
that  help  themselves." 

Not  content  to  wait  on  public  policy  changes  by  government  and  the  Congress, 
America's  railroads  have  moved  ahead  with  new  vigor,  spurred  by  self-help  measures  de- 
signed to  strengthen  this  industry  as  the  number  one  carrier  of  the  nation. 

Management  is  keenly  aware  of  the  fact  that  today's  rail  plant  is  capable  of  han- 
dling far  greater  volumes  of  traffic  than  are  being  realized  at  present.  By  merging  with 
other  lines,  pressing  for  elimination  of  uneconomic  make-work  practices,  and  offering 
shippers  reduced  rates,  railroads  can  generate  more  business.  And  more  business  leads  to 
greater  efficiency  of  operation  and  better  service  to  the  public. 

This  is  the  "magic  cycle"  process  by  which  America's  railroads  arc  building  a 
dynamic,  new  transportation  system  geared  to  the  needs  of  our  future  generations. 

Such  a  feeling  of  optimism  in  the  railroad  industry  stems  from  the  unmistakable 
evidence  that  we  have  turned  the  corner.  We  are  no  longer  fighting  a  defensive  action. 
Rather,  we  are  aggressively  competing  for  new  business  and  regaining  old  customers. 

Looking  back  at  196.^  the  railroad  industry  scored  its  second  consecutive  year  of 
modest  gains  in  traffic  and  earnings,  reflecting  the  generally  healthy  state  of  the  na- 
tion's economy.  Revenue  freight  carloadings  rose  some  144,182  cars  above  1962  to  28.9 
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million  and  piggyback  loadings  of  truck  trailers  on  llatcars  totalled  approximately  800,000 
cars,  almost    13   percent  above  the  preceding  year. 

Revenue  ton-mileage  was  about  622  billion — 5  percent  above  1962.  Net  income  for 
the  industry  amounted  to  $651  million  as  compared  with  .f;571  million  a  year  ago,  but 
^0  percent  l)elow  the  1955  level  of  ,f;9 2 7,000,000. 

Capital  improvements  topped  the  ^l  billion  mark,  25  percent  above  1962.  Class  I 
Railroads  installed  some  34,000  new  freight  cars,  IS  percent  more  than  the  preceding 
year. 

This  year  could  prove  to  be  a  turning  point  for  the  freight  car  supply  picture  as 
substantial  equipment  orders  are  being  placed  daily  by  the  nation's  railroads.  Some  car 
builders  estimate  that  this  may  be  the  best  year  since  1957  for  new  car  installations. 

Estimates  for  capital  expenditures  in  1964  point  to  an  increase  of  upwards  of  25 
percent  over  last  year's  outlay.  Yet,  even  this  increased  spending  for  capital  improve- 
ments will  still  fall  short  of  the  IJ/2 -billion-dollar  annual  rate  which  industry  experts 
feel  is  a  necessary  minimum  if  railroads  are  to  head  off  obsolescence  and  remain 
competitive. 

It  is  significant  that  many  of  these  extensive  commitments  for  improving  railroad 
plant   and    facilities   result   in    a   large   degree   from   your   recommendations. 

One  of  your  basic  responsibilities  is  to  help  maintain  this  forward  momentum  of 
railroad  progress  by  utilizing  all  available  technological  advancements,  improving  some 
and  researching  others  to  meet  the  needs  of  the  future.  As  engineers,  you  are  accustomed 
to  being  thorough  planners  and  doers  in  the  fulfillment  of  your  tasks.  I  would  therefore 
like  to  turn  to  those  basic  railroad  engineering  needs  that  you  as  professionals  are  well 
qualified  to  tackle. 

We  are  all  aware  of  the  expanding  use  of  the  unitized  train  as  one  means  by  which 
railroads  are  providing  an  improved  transportation  service  by  offering  reduced  rates  on 
volume  movements. 

While  unitized  trains  are  presently  confined  to  the  movement  of  such  commodities 
as  coal,  ore  and  grain,  transportation  economists  see  no  reason  why  other  bulk  cargoes 
and  even  large  shipments  of  high-value  products  cannot  similarly  be  handled.  These 
additional  possibilities  for  unit  trains  suggest  an  opportunity  for  railroad  engineers  to 
explore  ways  to  translate  such  ideas  into  reality,  particularly  in  connection  with  the 
material-handling  facilities  at  origin  and  destination.  Furthermore,  your  responsibility  is 
increased  in  studying  and  improving  rail  and  track  structure  designs  and  their  relation- 
ships to  wheels  so  that  these  newer,  heavier,  more  intensive  train  movements  can  be 
handled  better  than  ever. 

Notwithstanding  increased  train  speeds  and  the  installation  during  the  past  decade 
of  40  major  automatic  classification  yards,  we  have  not  appreciably  reduced  the  amount 
of  time  freight  cars  spend  in  terminal  areas  while  loading  and  unloading.  Appropriately, 
your  studies  incorporating  the  development  of  improved  rail-water  and  rail-truck  trans- 
fer facilities  suggest  further  refinement  and  innovation  of  roll-on,  roll-off,  lift-on,  lift- 
off, chute  and  hopper  arrangements,  conveyor-type  equipment,  and  other  means  of  im- 
proving freight  car  utilization. 

Advancement  in  roadway  and  structures  engineering  have  been  most  dramatic  in 
new  designs  of  freight  classification  yards.  Yet  greater  emphasis  on  the  mechanized 
handling  of  packaged  freight  as  well  as  the  design  and  installation  of  efficient,  low-cost 
passenger  stations  would  jjmduce  additional  opportunities  in  terms  of  improved  rail 
service. 

Your  AAR  Engineering  Division  has  done  much  to  streamline  and  modernize  stand- 
ards for  roadwav  and  structures  maintenance  work.  Your  interests  in  limiting  the  number 
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of  recommended  rail  sections,  and  your  recent  development  and  adoption  of  five  stand- 
ard turnouts  are  unquestionably  steps  in  the  rijiht  direction. 

Nevertheless,  standarization  and  specifications  for  commonly  used  items  or  com- 
pjnents  might  permit  mere  uniform  manufacturing  procedures  and  lower  material  costs 
to  the  railroad  industry.  For  example,  I  understand  that  your  Committee  on  Ties  and 
Wood  Preservation  has  under  study  a  recent  suggestion  from  a  prominent  representative 
of  the  cross  tie  industry  urging  greater  standarization  in  wood  cross  tie  specifications. 

Even  those  standards  that  do  exist  must  have  general  acceptance  and  application  if 
the  full  benefits  of  standardization  are  to  be  obtained.  The  field  of  mechanized  work 
equipment,  for  example,  merits  your  particular  attention.  We  still  have  many  different 
types  of  equipment  in  general  use  for  maintenance  of  roadway  and  structures  without 
adequate  compatibility  between  components  or  sub-part  assemblies. 

The  standardization  we  need  will  not  come  overnight.  But  come  it  must,  for  the 
economies  in  maintenance,  inventory  and  utilization  of  equipment  that  flow  from  stand- 
ardization are  vital  to  improving  the  competitive  capability  of  our  industry.  Failure  to 
take  advantage  of  these  economies  is  a  luxury  we  can  no  longer  afford. 

On  the  other  hand,  standardization  must  not  be  permitted  to  stifle  progress  in 
specifications,  designs  and  procedures.  Rather,  standards  must  be  continually  under  re- 
view and  there  must  be  a  genuine  willingness  to  incorporate  improvements. 

Due  to  the  increasing  use  of  multi-level  auto-rack  cars  and  the  trend  to  faster 
piggyback  train  schedules,  many  roads  have  undertaken  or  are  planning  projects  to  im- 
prove existing  clearances  along  their  rights-of-way  by  straightening  curves,  heightening 
and  widening  obstructions,  lowering  tunnel  floors  and  modifying  bridges. 

A  good  deal  of  the  credit  for  tackling  these  projects— and  the  ingenious  means  de- 
veloped to  carry  them  out — goes  to  you  construction  engineers.  Application  of  similar 
techniques  and  engineering  ingenuity  might  well  be  considered  in  mc^difying  other  rail- 
road facilities,  the  replacement  of  which  by  conventional  or  older  methods  might  be 
prohibitive  from  a  standpoint  of  cost  or  interruption  of  service. 

The  payoff  from  such  improvements  has  been  well  worth  the  cost.  New  automoi)ile 
and  other  very  large-dimension  loads  are  making  it  possible  for  the  railroads  to  regain 
in   traffic  far  more  than  was  spent  on  the  construction  projects. 

Despite  the  dramatic  gains  realized  by  piggybacking  in  the  past  several  years,  future 
growth  could  be  greatly  enhanced  by  developing  better  terminal  facilities  designed  to 
expedite  loading  and  unloading  of  containers.  Time  .savings  of  high-speed  piggyback  train 
service  are  wasted  unless  revised  terminal  procedures  can  .substantially  minimize  con- 
tainer handling  time.  Your  Yards  and  Terminals  Committee  doubtless  is  considering 
these  aspects  in  its  continuing  study  of  facilities  for  loading  and  unloading  rail-truck 
freight  equipment. 

I  feel  sure  that  this  committee  is  not  overlooking  the  large  operating  economies 
possible  in  the  further  improvement  of  track  scales  and  in  the  refinement  of  electronic 
.scales  that  provide  a  practical  and  accurate  means  of  weighing  cars  coupled  in  motion. 
Such  a  system  is  being  service  tested  by  two  Eastern  railroads  as  a  means  of  expediting 
freight  service  at  reduced  costs. 

Potential  uses  of  electronic  computers  offer  immense  possibilities  for  solving  railroad 
engineering  and  maintenance  problems.  Last  fall's  World  Symposium  on  Railroad 
Cybernetics,  sponsored  by  the  International  Union  of  Railways  (Union  International  des 
Chemins  de  Fer)  in  Paris,  focused  attention  on  the  application  of  computer  techniques 
for  railroad  operations  research;  automatic  control  of  train  movements;  accounting  and 
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statistics;  information-systems  type  problems;  and  design  requirements  or  specifications 
for  railroad  calculating  centers. 

The  intense  interest  evidenced  by  participants  at  the  symposium  demonstrated  that 
many  countries  are  devoting  considerable  effort  in  terms  of  assignment  of  people  and 
research  for  the  development  of  hardware.  United  States  railroads  appear  to  be  in  the 
lead  among  those  countries  that  are  exploring  computerized  techniques  and  information 
systems  as  a  means  to  developing  data  on  which  to  conduct  a  railroad  operation  and 
thereby  measure  the  quality  of  its  performance. 

The  use  of  computers  has  opened  new  ways  of  studying  the  construction  and  main- 
tenance of  rail  plant  and  facilities.  By  matching  actual  operations  very  closely,  these 
computers  can  provide  rapid  evaluation  of  proposals  for  the  best  and  most  economical 
aspects  with  a  minimum  expenditure  of  time  and  money. 

Your  division  is  well  aware  of  the  value  of  computer  techniques  and  will  strive  to 
keep  the  industry  fully  apprised  of  all  developments  of  this  new,  important  tool,  and  its 
application  to  railroad  engineering  problems.  Indeed  an  AAR  ad  hoc  committee  is  cur- 
rently studying  the  establishment  of  a  data  systems  division  to  facilitate  the  interchange 
of  experience  interdepartmentally  and  to  stimulate  development  and  application  of  pro- 
cedures within  the  railroad  industry  concerning  data  processing  and  information 
systems. 

Management's  continuing  concern  with  the  ever-tightening  cost  squeeze  in  today's 
railroad  economy  has  emphasized  a  relatively  recent  arm  of  railroading — the  industrial 
engineer.  Essentially  an  internal  adviser,  he  employs  such  techniques  as  cost  control,  ap- 
plied research,  development  and  evaluation  of  improvements  in  manpower  utilization, 
equipment  and  facilities  to  help  other  departments  develop  new  tools  and  methods  to 
improve  their  operations. 

The  Engineering  Division  can  serve  as  an  effective  medium  for  lE's  to  develop  their 
specialized  talents  as  a  strong  force  for  self-improvement  of  industry's  internal  prob- 
lems. This  afternoon's  symposium  on  "Industrial  Engineering  on  the  Railroad"  illustrates 
your  awareness  of  this  expanding  profession. 

We  are  forever  in  need  of  recruiting  potential  leadership  material  capable  of  meet- 
ing the  engineering  challenges  that  lie  ahead.  Fortunately,  AREA  for  many  years  has 
closely  cooperated  with  colleges  and  universities,  both  on  the  faculty  level,  and  with  stu- 
dent organizations,  including  affiliates  of  the  AREA.  By  involving  faculty  members  in 
railroad  industry  problems  as  well  as  the  attractive  and  interesting  features  of  the  rail- 
road industry,  you  are  helping  to  stimulate  a  greater  interest  among  colleges  and  also 
undergraduates  in  railroading  as  a  career. 

Of  equal  importance  is  the  Association's  work  with  various  universities  in  en- 
couraging research  projects  in  areas  of  interest  to  railroad  engineers.  Continued  coopera- 
tive effort  with  the  nation's  colleges  is  a  must  if  we  are  to  tell  the  "railroad  story"  to 
tomorrow's  leaders  in  the  field  of  engineering. 

Briefly,  these  are  but  a  few  of  the  problems  which  command  your  special  attention. 
As  railroad  engineers  you  can  contribute  effectively  to  solving  these  basic  needs  in  a 
number  of  ways.  Many  of  you  are  already  participating  actively  in  the  cooperative  work 
of   the  AAR's   Engineering  Division  and  various  associated  AREA  committees. 

You  can  also  benefit  from  reviewing  current  technology  in  this  country  and  Canada 
by  studying  technical  publications  and  trade  journals  and  calling  them  to  the  attention 
of  your  colleagues. 

I  need  not  emphasize  the  value  of  committee  reports  and  studies  on  new  research 
developments  going  on  abroad  which  are  available  to  you  through  the  UIC,  the  Inter- 
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national  Railway  Congress  Association,  anrl  the  Railway  Technical  Research  Institute  of 
Japan.  And  I  know  that  you  will  continue  to  exercise  every  opportunity  to  exchange 
ideas  on  engineering;  practices  and  problems  in  your  local  engineering  society  meetings. 

Finally,  you  can  help  to  develop  better  methods  of  ascertaining  and  proving  eco- 
nomic justification  for  new  projects.  It  seems  to  me  that  all  of  us,  and  particularly 
technical  people,  can  always  find  improved  methods  of  communicating  to  management 
the  real  benefits  of  proposed  innovations. 

Over  the  years,  your  AREA  and  AAR  Engineering  Division  committee  reports  and 
research  activities  have  enjoyed  international  stature.  They  will  remain  significant  world 
standards  only  if  you  redouble  your  efforts  to  keep  American  technology  in  the  forefront 
of  world  progress. 

A  time  of  rapid  change,  both  technological  and  organizational,  such  as  the  railroad 
industry  is  now  experiencing,  would  seem  to  suggest  that  your  members  may  consider 
it  appropriate  to  take  a  careful  and  thorough  look  at  the  structure  of  the  AREA  and 
the  AAR  Engineering  Division.  Perhaps  the  time  has  come  for  a  revised  structuring  of 
committees  and  areas  of  specialized  interest  to  recognize  any  undesirable  overlaps  or 
gaps  between  the  AREA,  the  AAR  Engineering  Division,  and  other  AAR  Divisions  and 
Departments,  and  also  to  maximize  effective  benefit  to  the  members  in  response  to  the 
most  essential  engineering  needs  of  the  railroad  industry.  An  effort  by  your  group  to 
delineate  the  needs  and  best  methods  of  serving  these  needs  in  the  changing  period  that 
lies  ahead  would  be  very  helpful. 

Not  only  should  you  know  more  about  new  developments  and  be  capable  of  apply- 
ing them  to  railroad  construction  and  maintenance,  but  you  should  be  knowledgeable 
about  the  many  other  phases  of  railroading.  For  example,  railroad  engineers  need  to 
better  understand  legislative  issues  on  the  national  level  as  well  as  on  the  local  and  re- 
gional level. 

Pending  in  Congress  is  a  bill — the  Transportation  .Amendments  of  1964 — that  would 
help  correct  some  of  the  regulatory  inequities  which  handicap  the  railroads  in  competing 
with  other  carriers  and  prevent  them  from  passing  on  to  the  public  the  full  benefits  of 
their  improving  technology  in  lower  prices. 

Approved  unanimously  by  the  House  Interstate  and  Foreign  Commerce  Committee 
and  designated  as  HR.  9903,  the  bill  would  place  all  surface  carriers  on  an  equal  basis 
in  competing  for  the  transportation  of  agricultural  products.  Such  a  measure  of  com- 
petitive freedom  for  the  transportation  industry  would  enable  the  public  to  get  the  full 
low-price  benefits  of  open  competition  at  least  in  this  area  which  directly  affects  the 
prices  of  foods  and  such  consumer  products. 

Known  as  the  Harris  Bill,  HR.  9903  deals  with  two  other  existing  major  regulatory 
inequities — one  that  allows  barge  lines  but  not  other  carriers  to  escape  government  rate 
regulation  when  hauling  bulk  commodities,  and  another  that  singles  out  railroads  to 
sharply  limit  them  from  hauling  goods  they  own. 

The  Harris  Bill  follows  nearly  two  years  of  exhaustive  hearings  by  Congress  on  the 
proposals  of  the  late  President  Kennedy  to  straighten  out  what  he  termed  the  "chaotic 
patchwork  of  inconsistent  and  often  obsolete  legislation  and  regulation."  President  John- 
son has  reaffirmed  this  Administration  support  and  has  underscored  the  role  of  Govern- 
ment as  one  that  'provides  to  the  greatest  extent  possible  a  framework  that  encourages 
constructive  competition." 

While  this  bill  does  not  give  the  railroads  all  they  need  by  way  of  equality  of  com- 
petitive opportunity  and  regulation,  it  does  represent  progress  and  the  industry  has 
urged  its  passage  by  Congress.  By  being  well  informed  about  this  and  other  legislative 
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matters,  and  urging  implementation  of  the  railroad  industry  position,  you  can  help 
bring  about  desirable  changes  in  regulatory  policies  needed  to  promote  the  growth  and 
development  of  our  industry. 

To  keep  pace  with  our  changing  society  and  expanding  economy,  we  must  continue 
to  explore  new  methods,  test  innovations,  improve  facilities,  find  new  transportation 
concepts,  and  develop  better  maintenance  techniques  and  tools  to  reduce  costs. 

Nothing  less  than  maximum  effort  to  strengthen  and  improve  our  railroad  machine 
will  suffice  if  we  are  to  engineer  and  provide  the  dependable  low-cost,  volume  transporta- 
tion that  America  must  have  to  maintain  its  leadership  in  the  free  world. 
Thank  you.   [.Applause] 


President  Loggins:  Thank  you  very  much,  Mr.  Buford,  for  an  informative  and 
stimulating  address.  The  AREA  is  proud  of  its  role  as  the  Engineering  Division  of  the 
Association  of  American  Railroads,  a  relationship  which  has  existed  since  1919  with 
benefit  and  credit  to  both  AREA  and  the  AAR.  Thank  you  for  that  timely  address  and 
for  meeting  with  us. 

We  will  now  begin  our  program  of  committee  reports  and  special  features.  I  am 
going  to  excuse  those  at  the  speaker's  table,  as  I  am  sure  they  will  enjoy  the  program 
more  from  the  audience.  Thank  you,  gentlemen,  for  your  presence  at  our  speaker's  table 
this  morning.  You  are  now  excused. 

Discussion  on  Engineering  and  Valuation  Records 

[For    report,    see    Bulletin    582,    pages    307-318] 

President  Loggins  [continuing] :  The  first  committee  report  to  come  before  this 
convention  is  that  of  Committee  11 — Engineering  and  Valuation  Records,  the  chairman 
of  which  is  M.  C.  Wolf,  valuation  engineer,  Northern  Pacific  Railway.  Will  Mr.  Wolf 
and  the  members  of  his  committee  please  come  to  the  platform. 

While  the  members  of  this  committee  are  coming  to  the  speaker's  table,  may  I  ask 
that  the  chairmen,  vice  chairmen,  secretaries  and  all  reporting  subcommittee  chairmen 
take  places  as  close  to  the  podium  as  possible  when  they  come  up  to  make  their  reports. 
Other  members  of  the  committees  will  find  places  at  each  end  of  the  speaker's  table. 
This  will  reduce  the  time  required  for  subcommittee  chairmen  to  come  to  the  podium  to 
give  their  reports. 

As  a  convenience  and  time-saving  expedient,  we  have  provided  the  committee  chair- 
man at  the  speaker's  table  with  a  microphone  so  that  he  can  make  such  introductions 
and  comments  as  he  desires  without  coming  to  the  podium  microphone. 

Gentlemen,  this  is  your  convention,  so  before  I  turn  the  meeting  over  to  Chairman 
Wolf  I  want  to  extend  to  each  of  you  the  privilege  of  the  floor  and  invite  your  com- 
ments on  or  criticism  of  any  of  the  report  presentations  within  the  time  that  can  be 
allowed  for  discussion.  When  you  desire  to  speak,  please  address  the  Chair,  state  your 
name  and  railroad  or  other  affiliation  clearly  for  the  benefit  of  our  convention  reporter, 
and  then  proceed  with  your  comments  or  questions. 

Mr.  Wolf,  you  may  now  proceed. 

Chairman  M.  C.  Wolf:   Mr.  President,  members  of  the  Association  and  guests: 

The  report  of  Committee  11 — Engineering  and  Valuation  Records,  appears  in  Bulle- 
tin 582,  December  1963,  pages  307  to  318,  incl.  This  committee  has  eight  assignments, 
upon  which  we  should  like  to  comment  briefly. 
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Assignment   1 — Revision  of  Manual 

Chairman  Wolf:  Further  revision  of  our  chapter  of  the  Manual  is  being  studied, 
but  no  report  is  now  submitted.  The  chairman  of  the  subcommittee  is  John  L.  Manthey, 
auditor  of  capital  expenditures,  Elgin,  J  diet  &  Eastern  Railway,  who  is  unable  to  be 
present. 

Assignment  2 — Bibliography  on  Subjects  Pertaining  to  Engineering  and 
Valuation  Records 

Chairman  VVolk:  The  report  on  this  assignment  appears  on  pages  308  to  310  of 
Bulletin  582.  This  annotated  list  of  current  publications  was  carefully  prepared  with  the 
aim  of  being  useful  to  those  who  are  engaged  regularly  in  work  involving  engineering 
and  valuation  records  as  well  as  to  those  who  are  interested  only  occasionally. 

I  should  like  to  have  the  subcommittee  chairman  rise  and  be  recognized.  He  is 
J.  Bert  Byars,  assistant  to  chief  engineer,  Denver  &  Rio  Grande  Western  Railroad. 

Assignment  3 — Office  and  Drafting  Practices 

Ch.airmax  Wolf:  The  report  on  this  assignment  appears  on  pages  311  and  312  of 
Bulletin  582.  The  subcommittee  chairman,  W.  A.  Krauska,  assistant  engineer,  Missouri 
Pacific  Railroad,  is  unable  to  be  with  us  today.  Under  this  assignment  we  are  studying 
microfilming  of  engineering  records  and  reports.  This  first  progress  report  is  a  concise 
statement  of  some  of  the  basic  considerations.  It  points  out  that  when  microfilming  of 
records  and  reports  is  proposed,  careful  consideration  should  be  given  to  the  use  which 
is  made  of  the  documents,  and  to  the  advantages  and  disadvantages  of  each  application 
of  microfilming. 

Assignment  5 — Use  of  Statistics  and  Data  Processing  in  Railway 
Engineering 

Chairman  Wolf:  This  subcommittee  has  two  co-chairmen.  The  report  on  this 
assignment  will  be  given  by  Co-Chairman  H.  R.  Williams,  valuation  engineer,  Union 
Pacific  Railroad,  who  also  is  vice  chairman  of  Committee  11. 

H.  R.  Williams:  Under  this  assignment  many  manual  procedures  will  eventually 
be  studied  for  possible  conversion  to  electronic  data  processing.  For  the  present,  one 
broad  category  is  being  considered — the  generation  of  engineering  and  accounting  data 
for  construction  projects  through  the  mechanization  of  the  reporting  procedures  of  the 
work  order  or  authority  for  expenditure. 

The  study  is  divided  into  three  major  areas:  (1)  changes  and  refinements  involving 
the  field  forces,  (2)  the  transmission,  accounting,  and  recording  of  the  data  on  punch 
cards  and  on  tape,  and  (3)  the  output  from  the  machines  required  by  management  and 
by  the  various  departments  to  perpetuate  engineering,  property,  accounting,  and  depre- 
ciation records. 

Chairman  Wolf:  I  should  like  to  have  the  other  co-chairman  of  .A.ssignment  5 
stand  and  be  recognized.  He  is  W.  J.  Pease,  assistant  general  auditor,  Illinois  Central 
Railroad. 

Assignment  6 — Valuation  and  Depreciation 

Chairman  Wolf:  The  report  on  this  assignment  will  be  given  by  the  subcommittee 
chairman,   C.   R.   Dolan,  engineer  capital  expenditures,  Mi.ssouri  Pacific   Railroad. 

C.  R.  Dolan:  The  committee  report  covering  Assignment  6  made  mention  of  the 
Administration's  Tax  Bill  (H.  R.  8363)  entitled  "The  Revenue  Act  of  1963"  and  particu- 
larly to  the  provision  which  would  repeal  the  previous  provision  relative  to  investment 
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credit,  which  required  the  basis  of  property  eliKibility  for  the  investment  credit  to  be  re- 
duced by  the  amount  of  the  7  percent  credit. 

Bill  H.  R.  8363  later  became  "The  Revenue  Act  of  1064"  and  was  enacted  into  law 
in  February  1964.  The  Revenue  Act  of  1964  contains  many  changes  in  tax  laws  and  in 
particular  has  repealed  the  provision  which  required  the  basis  of  property  be  reduced  by 
the  amount  of  the  7  percent  investment  credit.  Consequently,  Section  38  Property 
qualifying  under  the  investment  credit  as  of  January  1,  1964,  will  not  have  to  be  reduced 
in  basis  by  the  amount  of  the  7  percent  credit.  In  addition,  the  law  provides  that  the 
taxpayer  may  restore  to  basis,  the  reduction  made  in  the  years  1962  and  1963.  This  pro- 
vision is  one  of  the  most  significant  changes  in  the  bill. 

In  addition,  the  Revenue  Act  of  1964  provides  for  a  reduction  in  the  tax  rate  for 
corporations  having  a  taxable  income  in  excess  of  $25,000.  Effective  January  1,  1964, 
the  rate  is  reduced  from  52  to  SO  percent,  which  is  based  on  a  normal  tax  of  22  percent 
and  surtax  of  28  percent.  Effective  January  1,  1965,  the  basic  rate  is  reduced  from  50 
to  48  percent,  which  is  based  on  a  normal  tax  of  22  percent  and  surtax  of  26  percent. 

Assignment  7 — Revisions  and  Interpretations  of  ICC  Accounting 
Classifications 

Chairman  Wolf:  The  report  on  this  assignment  appears  on  page  315  of  Bulle- 
tin 582.  The  subcommittee  chairman,  R.  D.  Igou,  is  unable  to  be  with  us  today.  Mr. 
Igou  is  engineer  capital  expenditures,   Chicago,  Rock  Island  &  Pacific  Railroad. 

Since  the  publication  of  this  report  the  ICC  has  issued  additional  instructions  gov- 
erning the  adjustment  of  property  accounts  under  its  Order  32153.  In  addition  to  its 
Accounting  Series  Circular  No.  133  there  are  now  eight  supplements,  and  Circular  133A. 
Supplement  No.  8  is  of  particular  interest  to  engineers. 

Assignment  8 — Instructions  for  Making  Engineer  Field  Checks  and 
Their  Application   to   Completion  Reports 

Chairman  Wolf:  The  report  on  this  assignment  appears  on  pages  316  to  318  of 
Bulletin  582.  It  outlines  typical  requirements  for  reporting  field  data  on  capital  expendi- 
ture projects.  Any  company  which  does  not  now  have  standard  instructions  for  provid- 
ing field  data  may  find  that  this  report  would  serve  that  purpose,  perhaps  with  modifi- 
cations to  suit  the  needs  of  a  particular  railroad. 

Pending  changes  in  ICC  requirements  may  justify  further  study  of  this  assignment. 

I  should  like  to  have  the  subcommittee  chairman  rise  and  be  recognized.  He  is  C.  F. 
Olson,  valuation  engineer,  Great  Northern  Railway. 

Assignment  9 — Simplification  of  Annual  Reports  on  Form  588  to  the 
Interstate   Commerce   Commission,  and   Underlying  Completion  Reports 

Chairman  Wolf:  Because  of  pending  changes  in  ICC  requirements,  no  report  on 
this  assignment  is  now  offered.  I  should  like  to  have  the  subcommittee  chairman  rise 
and  be  recognized.  He  is  F.  A.  Roberts,  valuation  engineer,  Erie-Lackawanna  Railroad. 


Chairman  Wolf:  I  should  like  to  announce  a  change  in  the  organization  of  Com- 
mittee 11,  which  does  not  appear  in  the  1964  Committee  Assignments  pamphlet.  W.  S. 
Gates,  Jr.,  upon  his  retirement  from  service  as  assistant  to  auditor,  Chicago  and  Illinois 
Midland  Railway,  has  resigned  as  secretary  of  Committee  11.  Anyone  who  has  read  the 
beautiful  minutes  of  our  meetings  which  Mr.  Gates  issued  knows  that  Committee  11 
never  has  violated  one  of  Robert's  Rules  of  Order.  Our  thanks  to  Mr.  Gates. 
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I  am  happy  to  introduce  our  new  secretary,  R.  S.  Shaw,  Jr.,  valuation  engineer, 
New  York  Central  System. 

We  shall  now  present  a  special  feature,  an  address  entitled,  "Valuation  and  New 
Railroad  Construction,"  by  J.  Bert  Byars,  assistant  to  chief  engineer,  Denver  &  Rio 
Grande  Western  Railroad.  Mr.  Byars'  address  will  be  illustrated  by  a  remarkable  moving 
picture  made  of  a  large  construction  project. 

Valuation  and  New  Railroad  Construction 

By  J.  BERT  BYARS 
Assistant   to   Chief   Engineer,    Denver   &    Rio   Grande   Western   Railroad 

J.  Bert  Byars  [after  the  motion  picture  was  shown] :  You  have  just  seen  a  film 
showing  the  complete  construction  of  a  new  railroad  line,  known  as  the  Potash  Spur. 
These  large  projects  are  of  vital  interest  to  the  A.'\R  and  ARE.A. 

Committee  11  of  the  AREA  has  presented  this  film  in  order  to  show  the  importance 
of  valuation,  records  and  accounting  to  railroad  management,  stockholders  and  the  In- 
terstate Commerce  Commission.  The  cost  of  construction  is  recorded  as  part  of  the 
assets  of  the  railroad  company.  This  value  is  used  for  tax  purposes,  depreciation,  rate 
making,  etc. 

The  reporting  of  this  construction  requires  a  lot  of  attention  in  the  field  and  office. 
It  will  be  broken  down  by  ICC  accounts  as  follows: 

Account  1,  Engineering. 

Account  2,  Right-of-Way — Will  be  reported  by  parcels,  maps,  deed  number  and 
cost. 

Account  2y2,  Other  Right-of-Way  Expenditures — This  item  covers  private  crossings, 
of  which  there  are  a  total  of  seven.  These  crossings  were  constructed  of  second-hand 
cross  ties  and  will  be  reported  accordingly,  with  definite  location  by  mile  post. 

Account  3,  Grading — Over  2,840,000  cu  yd  were  handled  which  will  be  segregated 
between  solid  rock,  loose  rock,  common  and  borrow,  by  mile-post  location. 

Account  5,  Tunnels — The  tunnel  is  7100  ft  long,  and  the  report  will  show  98,000 
cu  yd  of  excavation,  445  ft  of  tunnel  lining  segregated  between  pounds  of  steel  and 
cubic  yards  of  concrete.  The  concrete  portals  will  be  reported  in  cubic  yards  and  gunit- 
ing  in  cubic  yards. 

Account  6,  Bridges — Five  structural  steel  bridges  to  be  reported  as  follows:  Length 
of  each  bridge  with  definite  location  within  the  mile,  pounds  of  steel  in  each  bridge,  and 
any  excavation  or  back  fill  in  connection  with  the  substructure  to  be  reported  in  cubic 
yards  with  concrete  abutments  reported  separately  in  cubic  yards,  plain  or  reinforced. 
Culverts  to  be  reported  as  to  kind,  size  and  location  within  the  mile. 

Account  8,  Ties — Cross  ties  are  7  in  by  9  in  by  8  ft,  native  treated  pine  and  spruce, 
and  they  are  to  be  reported  each  and  separated  between  species. 

Account  9,  Rail — Rail  is  all  second-hand  112-Ib  with  the  exception  of  about  three 
miles  of  second-hand   131 -lb,  and  will  be  reported  in  lineal  feet  and  gross  tons. 

Account  10,  OTM  (Other  track  material) — These  fastenings  to  be  reported  each 
and   hundredweight. 

Account  11,  Ballast — The  ballast  material  for  the  first  ten  miles  is  volcanic  a.sh  and 
for  the  remaining  portion  of  the  spur,  precious-metal  slag.  The  ballast  will  be  reported 
in  cubic  yards  and  separated  between  volcanic  ash  and  slag,  with  average  haul. 

Account  12,  Track  Laying  and  Surface — Track  laying  and  surfacing  was  handled 
by   railroad  forces  starting  with  a  24-man  gang  which  was  later  increased  to  approxi- 


678 Engineering    and    Valuation    Records 

mately  .VS  men.  Track  laying  and  surfacing  to  be  reported  in  track  miles  by  weight  of 
rail,  along  with  a  separate  reporting  for  the  costs  of  placing  turnouts,  ballast,  tie 
plates,  etc. 

Account.  27,  Signals  and  Interlockers — This  item  consists  of  an  electric  lock  and  cross- 
ing signal  located  at  the  railroad  point  called  Crescent  Junction.  This  signal  protection 
will  be  reported  by  adjustment  units,  with  separate  costs  for  each  unit. 

Account  39,  Public  Improvements — Construction — There  are  a  total  of  four  public 
crossings  and  one  overpass.  Three  of  the  public  crossings  were  constructed  of  timjjer 
planking  which  will  be  reported  in  MBM.  The  other  crossing  was  constructed  of  second- 
hand rail  covered  with  asphalt,  known  in  railroad  terms  as  a  "rail  top  crossing,"  with 
the  rail  being  reported  in  gross  tons  and  the  asphalt  reported  in  square  yards  of  pavdng. 
The  highway  overpass  was  constructed  by  Utah  State  Highway  Department  with  the 
railroad  company  participating  in  a  portion  of  the  cost.  The  cros.sings  and  overpass  will 
be  reported  separately  with  definite  location  within  the  mile. 

The  foregoing  remarks  along  with  the  film  ties  the  bookkeeping  and  construction 
together;  also,  it  brings  out  the  fact  that  some  pencil  pushing  is  required.  During  con- 
struction we  had  direct  contact  between  the  field  and  the  chief  engineer's  office  in  Den- 
ver, almost  400  miles  apart.  This  was  achieved  by  radio  in  the  project  engineer's  truck 
and   carried   via   microwave   to   Denver.    [Applause] 


Chairman  Wolf:  Thank  you,  Mr.  Byars,  for  bringing  us  this  excellent  motion 
picture  and  for  your  instructive  remarks. 

Mr.  President,  we  have  about  taken  up  the  time  allotted  to  our  committee.  If  there 
are  any  questions  anyone  would  like  to  ask,  we  shall  try  to  answer  them. 

R.  V.  LoFTUs  [Chicago,  Rock  Island  &  Pacific  Railroad,  Chicago]:  I  should  like 
to  ask  Mr.  Williams,  of  Subcommittee  S,  a  question  on  the  use  of  data  processing.  How 
are  engineers  involved  in  data  processing? 

Mr.  Williams:  Mainly  in  the  design  of  the  A.F.E.  or  work  order  so  it  can  be 
codified,  and  then  as  it  is  processed  through  the  various  phases  to  see  that  the  units  in 
the  end  results  for  final  accounting  are  in  the  categories  that  engineers  expect. 

D.  C.  Johnson  [Atchison,  Topeka  &  Santa  Fe  Railway,  Los  Angeles,  Calif.] :  There 
has  been  a  great  deal  of  discussion  regarding  the  Railway  Advisory  Committee.  I  won- 
der if  you  can  enlighten  us  on  that  subject,  sir. 

Chairman  Wolf:  There  is  reference  in  ihe  report  of  Assignment  6  to  the  ICC  in- 
dexing work  which  is  being  kept  up  currently.  In  the  past  the  underlying  information 
for  that  work  was  gathered  in  collaboration  with  a  number  of  railroads.  Last  October  a 
new  Railroad  Advisory  Committee  on  Railroad  Equipment  and  Property  Accounts  was 
organized,  which  has  nine  subcommittees  to  do  this  pricing  work.  It  will  be  headed  by 
a  chairman  who  is  an  employee  of  the  Interstate  Commerce  Commission,  but  all  the 
rest  of  the  members  of  the  subcommittees  are  railroad  men. 

A  tenth  subcommittee  will  handle  the  general  valuation  matters  assigned  to  it,  par- 
ticularly the  simplifying  of  reporting  requirements  to  the  ICC.  It  will  take  a  little  while 
for  this  new  organization  to  become  functional,  as  it  has  bigger  problems  than  were  first 
realized,  I  believe;  but  many  roads  are  interested  in  the  work,  and  the  ICC  would  ap- 
preciate the  cooperation  of  all  the  roads  that  care  to  assist  it. 

This  concludes  our  report,  Mr.  President. 

President  Logoins:  Thank  you,  Mr.  Wolf,  for  these  informative  reports.  Your 
committee  deals  with  a  most  important  aspect  of  railroading,  and  we  appreciate  your 
keeping  us  currently  informed. 
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Thank  you  very  much,  Mr.  Byars,  for  your  most  inlercstinfj  motion  picture  and 
comments. 

We  welcome  C.  R.  Shaw  as  the  new  secretary  of  Committee   11. 

Mr.  Wolf,  we  appreciate  the  constructive  leadership  you  and  Vice  Chairman  Wil- 
liams are  fiivinp;  to  your  committee,  and  we  ask  that  you  continue  with  the  same  inter- 
est and  enthusiasm.  You  are  now  excused  with  the  thanks  of  the  Association.  [.Applause] 


Discussion   on   Yards  and  Terminals 

[For    report,    sec    liiillctin    .SSI.    paKi's    147    1651 

President  Loogins:  The  next  report  will  be  that  of  Committee  14 — Yards  and 
Terminals,  the  chairman  of  which  is  D.  C.  Hastings.  Mr.  Hastings  was  recently  pro- 
moted from  general  manager  of  the  Clinchfield  Railroad,  at  Erwin,  Tenn.,  to  assistant 
vice  president — operations,  of  the  Atlantic  Coast  Line  Railroad,  with  headquarters  at 
Jack.<;onville,  Fla. 

Under  the  pressing  responsibilities  of  his  new  assignment  and  the  moving  of  his 
family,  Chairman  Hastings  could  not  attend  this  meeting,  so  the  committee's  presenta- 
tion will  be  given  under  the  direction  of  Vice  Chairman  H.  J.  McNally,  chief  engineer, 
New  York  Improvements,  Pennsylvania  Railroad,  at  New  York. 

Mr.  McNally,  we  are  pleased  that  you  are  here  to  substitute  for  Chairman  Hastings. 
Will  you  and  the  members  of  your  committee  please  come  to  the  platform. 

.\gain  I  request  that  the  officers  of  your  committee  and  all  reporting  subcommittee 
chairmen  take  seats  nearest  to  the  podium.  Again  I  would  remind  everyone  present  that 
you  have  the  privilege  of  the  floor  to  comment  on  or  ask  questions  with  respect  to  any 
aspects  of  the  committee's  report. 

Mr.  McNally,  I   am   pleased  to   turn   the  meeting  over  to  you. 

Vice  Chairman  H.  J.  McNally:  Mr.  President,  members  of  the  .Association,  and 
guests: 

Our  chairman,  D.  C.  Hastings,  sends  his  regrets.  He  is  in  the  process  of  moving 
from  the  mountains  of  Tennessee  to  the  land  of  sunshine,  Jacksonville,  Fla. 

Committee  14,  during  the  year  1963,  was  actively  engaged  in  the  study  of  .seven 
very  important  and  timely  subjects.  Reports  on  five  of  these  have  been  printed  in  Bul- 
letin .S81,  beginning  on  page  147. 

The  chairmen  of  the  various  subcommittees  have  worked  faithfully  throughout  the 
year  in  order  to  be  able  to  present  these  reports  to  the  .Association,  and  I  am  happy 
that  they  are  here  to  make  their  presentations. 

Assignment   1 — Revision   of  Manual 

Vice  Chairman  McNally:  There  are  no  recommendations  for  revisions  to  Chapter 
14  of  the  Manual,  with  the  exception  of  those  that  are  being  presented  by  Subcommit- 
tees 2,  i  and  6.  The  chairman  of  this  subcommittee,  F.  E.  -Austerman,  chief  engineer, 
Chicago  Union  Station  Company,  is  actively  engaged  in  keeping  Chapter  14  up  to  date. 
He   will   continue   as  chairman   of   this   subcommittee  during   1964. 

.At  this  time  I  .should  like  to  recognize  the  outstanding  job  he  has  done  for  Com- 
mittee 14  and  the  .Association  as  chairman  of  this  very  important  subcommittee.  Mr. 
.Austerman. 
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Assignment  2 — Classification   Yards 

Vice  Chairman  McNally:  Committee  14  is  still  vitally  interested  in  the  subject 
of  roUability  of  freight  cars.  The  work  that  should  have  been  done  in  1963  was  not 
accomplished  due  to  the  fact  that  no  funds  were  allocated  for  research  and  testing. 
However,  such  funds  have  been  included  in  the  budget  for  1964,  and  it  is  hoped  that 
some  research  and  testing  will  be  accomplished. 

The  report  on  Design  of  Classification  Yard  Gradients  will  be  presented  by  Sub- 
committee Chairman  Mike  Rougas,  engineer  of  track,  Bessemer  &  Lake  Erie  Railroad 
Company,  Greenville,  Pa.  Mr.  Rougas. 

Mike  Rougas:  Mr.  President,  members  and  guests:  The  report  of  your  committee 
on  Assignment  2  appears  in  Bulletin  581,  pages  149  through  152. 

The  two  main  features  of  the  report  are  as  follows: 

(1)  An  expression  has  been  derived  which  relates  the  velocity  head  and  the  en- 
ergy head  of  a  freely  rolling  car  by  a  proportionality  constant  "k."  The 
value  of  this  constant  signifies  the  portion  of  the  car's  energy  head  that  ex- 
ists in  the  form  of  translational  or  velocity  head,  the  balance  being  the  rota- 
tional head  of  the  car's  rotating  wheels  and  axles.  The  purpose  for  determin- 
ing the  velocity  head  by  eliminating  the  rotational  head  is  to  enable  the 
designer  to  predict  more  accurately  the  spacing  of  cars  of  known  or  assumed 
rolling  resistance  as  they  roll  freely  on  gradients.  The  graph  in  the  report 
gives  "k"  values  for  various  gross  weights  of  cars  having  multiple-wear  or 
one-wear   wheels   of   33-in   diameter   or   36-in   diameter. 

(2)  Safe  throwing  of  switches,  retarding  and  weighing  of  cars  make  it  necessary 
for  the  designer  of  a  gradient  for  free-rolling  cars  to  predetermine  the  spacing 
of  the  rolling  cars.  An  expression  has  been  derived  by  means  of  which  the 
time  a  car  takes  to  roll  between  point  "A"  and  point  "B"  connected  by  a 
constant  gradient  can  be  found  directly  by  knowing  the  velocity  head  at 
point  "A",  the  velocity  head  at  point  "B"  and  the  car's  rolling  resistance. 

These  two  features  along  with  the  quantitative  information  contained  in  the  graph 
and  the  table  in  your  committee's  report,  will  enable  the  designer  to  understand  more 
thoroughly  and  apply  more  appropriately  the  principles  involved  in  the  design  of  gradi- 
ents for  freely  rolling  cars.  Therefore,  the  report  is  submitted  with  the  recommendation 
that  it  be  adopted  as  Manual  material.. 

Mr.  President,  I  so  move. 

[The   motion   was  duly  seconded,  was  put   to  a  vote,  and  carried.] 

Assignment  3 — Scales    Used  in  Railway  Service 

Vice  Chairman  McNally:  Although  no  final  reports  will  be  presented  to  the  As- 
sociation by  the  Scale  subcommittee,  the  work  that  has  been  accomplished  by  them  in 
1963  is  of  such  importance  that  the  Association  should  be  advised  of  the  current  status 
of  the  subjects  being  studied. 

I  should  like  to  ask  W.  P.  Buchanan,  supervisor  of  scale  inspectors — engineer  of 
tests,  Pennsylvania  Railroad,  Altoona,  Pa.,  to  comment  on  the  status  of  the  work  of 
his  subcommittee.  Mr.  Buchanan. 

VV.  P.  Buchanan:  Mr.  President: 

Over  the  past  year  your  committee  has  continued  to  study  three  important 
assignments: 
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1.  Specifications    Kovcrnint;    the    maiuifa<  tine    and    installation    of    electronic    track 
scales. 

2.  Specifications    fiovcrninj;    the    manufacture    and    installation    of   automatic    indi- 
cating devices  for  large-capacity  scales. 

3.  A  study   of  accuracies  of  weights  obtained  in   motion   weighing. 

Progress  on  assignments  1  and  2  has  been  made  to  the  point  that  reports  can  be 
expected  in  1965. 

In  addition,  during  the  past  year  we  have  continued  our  protest  of  a  change  to  the 
National  Code,  to  reduce  the  present  tolerance  applicable  to  railway  track  scales,  sug- 
gested by  the  Committee  on  Specifications  and  Tolerances  of  the  National  Conference  of 
Weights  and  Measures. 

During  January  of  this  year  your  committee,  collaborating  with  the  AAR  Research 
Department,  made  tests  on  track  scale  installations  on  the  Reading  Company  at  Reading, 
Pa.,  and  the  Western  Maryland  Railway  at  Baltimore,  Md.,  designed  for  coupled-in- 
motion  weighing.  The  statistical  data  obtained  during  these  tests  are  being  evaluated  by 
the  AAR  research  staff. 

Finally,  exception  was  taken  to  the  validity  of  the  footnote  in  the  Specifications  for 
the  Manufacture  and  Installation  of  Two-Section,  Knife-Edge  Railway  Track  Scales, 
Manual  page  14-5-38,  which  reads:  "Attention  is  directed  to  the  fact  that  motion 
weighing  of  freight  cars  by  the  two-draft  method  is  a  patented  procedure." 

This  matter  was  referred  to  the  AAR  patent  attorneys  who  have  advised  that  this 
footnote  is  not  necessary.  On  the  basis  of  this  opinion  the  recommendation  to  delete 
this  footnote  was  passed  by  a  letter  ballot  in  Committee  14.  Therefore,  I  move  that 
this  footnote  be  deleted. 

[The  motion   was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  4 — Spot  Repair  Facilities  for  Diesel  Locomotives 

Vice  Chairman  McNally:  Considerable  work  has  been  done  on  this  subject  under 
the  capable  leadership  of  Subcommittee  Chairman  E.  H.  Cook,  engineer  of  construction, 
Southern  Railway  System,  Atlanta,  Ga.,  which  will  be  continued  during  1964,  and  a  final 
report  should  be  submitted  to  the  Association  in  1965  as  information.  Mr.  Cook  will 
continue  to  serve  as  chairman  of  this  subcommittee. 

Assignment  5 — Integral  Trains — Their  Effect  on  Existing  Yards  and 
Design  of  New  Yards 

Vice  Chairman  McNallv:  The  report  on  Assignment  5  will  be  presented  by  C.  E. 
Zeman,  regional  engineer,  Baltimore  &  Ohio  Chicago  Terminal  Railroad,  Chicago,  in  the 
absence  of  Subcommittee  Chairman  F.  S.  King,  district  superintendent,  Pennsylvania 
Railroad,  Columbus,  Ohio.  Mr.  Zeman. 

C.   E.   Zeman    [for  F.  S.   King]:    President   Loggins,   members  and  guests: 

The  report  of  Subcommittee  5  appears  in  Bulletin  581  and  is  presented  as  informa- 
tion with  the  recommendation  that  the  subject  be  continued. 

Integral  trains  made  up  of  specialized,  dedicated  equipment  have  been  proposed  to 
haul  train  load  lots  of  20,000  to  30,000  tons  of  bulk-type  commodities,  such  as  coal, 
stone  and  ore.  Generally,  these  trains  will  be  kept  intact  except  for  necessary  locomotive 
inspection  and  repairs  and  car  repairs.  Economies,  resulting  in  lower  competitive  rates 
with  other  forms  of  transportation,  will  be  realized  by  maximum  utilization  of  equip- 
ment and  the  reduction,  if  not  elimination,  of  yard  switching  costs. 
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These  trains  will  be  loaded  at  a  tipple  or  other  loading  facility  in  a  minimum  period 
of  time,  perhaps  2  to  6  hr.  The  regular  assigned  locomotive  will  move  the  train  at  a 
constant  slow  speed  past  the  loading  point  on  a  long  loop  track  or  stub-end  track.  It  is 
then  moved  over  the  road  directly  to  destination  where  it  is  unloaded  in  a  similar  mini- 
mum period  of  time.  Track  facilities  at  the  unloading  point  may  be  similar  to  those  at 
the  origin  but  in  some  cases  will  differ,  depending  upon  the  type  of  cars  used  and  other 
physical  characteristics  of  the  plant  or  dock.  After  unloading  the  train  is  promptly  re- 
turned for  reloading.  Fast  turn-around  is  one  of  the  key  points  in  the  proposed  integral 
train  operation. 

This  integral  train  concept,  which  is  one  of  the  most  important  developments  in  the 
railroad  industry  today,  is  still  in  its  infancy.  Future  developments  and  actual  usage  of 
the  integral  train  will  undoubtedly  result  in  a  need  for  a  rearrangement  or  new  con- 
struction of  yard  and  terminal  facilities. 

Assignment  6 — Facilities  for  Loading  and  Unloading  Rail-Truck  Freight 
Equipment 

Vice  Chairman  McNally:  The  report  on  Assignment  6  will  be  presented  by  Sub- 
committee Chairman  F.  A.  Hess,  maintenance  of  way  engineer,  Indiana  Harbor  Belt 
Railroad,  Hammond,  Ind.  Mr.  Hess. 

F.   A.   Hess:    Mr.   President,   members   and   guests: 

The  AREA  Manual  at  present  contains  descriptions  and  figures  of  four  types  of 
rail-truck  loading  and  unloading  facilities. 

Last  year  this  committee  submitted  a  report  covering  facilities  for  loading  and  un- 
loading multi-level  automobile  and  truck-carrying  cars,  pages  173,  178  and  179  in  Bul- 
letin 574.  The  figures  in  that  report  were  reviewed  and  changes  were  made,  and  it  is 
now  recommended,  in  order  to  complete  the  types  of  loading  and  unloading  facilities 
appearing  in  the  Manual,  that  the  material  appearing  on  page  155,  and  the  figures 
appearing  on  pages  156  and  157,  in  Bulletin  581,  be  adopted  and  published  in  the 
Manual,  adding  the  text  after  the  present  material  on  page  14-3-18  and  the  figures 
after  Fig.  7  on  page  14-3-22. 

Mr.  President,  I  so  move. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Mr.  Hess:  This  is  the  final  report  on  Assignment  6,  and  it  is  recommended  that 
the  subject  be  discontinued. 

Assignment  7 — Facilities  for  the  Disposal  of  Waste  Materials  in  Yards 
and   Terminals 

Vice  Chairman  McNally:  The  report  on  Assignment  7  will  be  presented  by  Sub- 
committee Chairman  C.  E.  Stoecker,  special  engineer,  Louisville  &  Nashville  Railroad, 
Louisville,  Ky.  Mr.  Stoecker. 

C.  E.  Stoecker:  The  disposal  of  waste  materials  in  yards  and  terminals  presents  a 
serious  problem  and  is  a  particularly  expensive  operation  within  city  limits  where  local 
ordinances  prohibit  the  burning  of  such  rubbish  in  open  pits. 

This  report  contains  a  description  of  five  different  methods  of  disposing  of  scrap 
metal,  dunnage  and  other  such  rubbish  that  is  picked  up  in  yard  tracks,  terminals  and 
from  cleanout  tracks. 

Your  committee  submits  this  report  as  information  with  the  recommendation  that 
the  subject  be  discontinued. 


Discussion 683 

Assignment  8 — Present  Trends  in  Modernization  of  Yards  and  Ter- 
minals in  Foreign   Countries 

Vice  Chairman  McNally:  The  report  on  Assinnment  8  will  be  presented  by  Sub- 
committee Chairman  G.  H.  Chabot,  assistant  to  chief  engineer — system,  Chesapeake  & 
Ohio  Railway,  Huntington,  W.  Va.  Mr.  Chabot. 

G.  H.  Chabot:   Mr.  President,  members,  guests: 

Your  committee  submits  as  information  a  report  on  the  present  trends  in  the  mod- 
ernization of  yards  and  terminals  in  foreign  countries.  This  report  is  a  series  of  con- 
densed descriptions  of  new  and  of  upgraded  yard  and  terminal  facilities,  such  as  classi- 
fication yards,  passenger,  freight  and  engine  terminals,  and  piggyback  installations 
throughout  Great  Britain,  France,  Algeria  and  India. 

Although  the  modernization  of  existing  facilities  had  its  start  after  World  War  II, 
the  great  impetus  occurred  about  1960  and  the  trend  is  continuing  at  a  good  tempo; 
much  work  is  presently  in  progress  and  much  more  is  in  the  planning  stage.  Generally, 
the  principles,  methods  and  ideas  adopted  and  followed  in  this  modernization  trend  fol- 
low those  utilized  by  North  .American  railroads. 

-Additional  data  and  information  have  been  received  on  the  subject  matter  but  not 
in  time  for  incorporation  in  this  report ;  this  material  will  be  reviewed  and  studied  and 
included  in  our  next  report. 

Vice  Chairman  McNallv:  Mr.  President,  I  see  a  few  members  of  our  committee 
who  didn't  make  it  to  the  platform,  so  I  should  like  to  at  least  have  them  stand  and 
be   recognized   by   the  Association.  Will  you  gentlemen  please  stand?  Thank  you. 

Mr.  President,  the  report  of  Committee  14 — Yards  and  Terminals,  is  now  concluded. 

President  Loggins:  Thank  you,  Mr.  McNally.  We  are  sorry  that  Chairman  Hast- 
ings could  not  be  present,  but  you  have  substituted  most  ably  for  him.  We  are  happy 
to  see  our  members  graduate  to  managerial  and  executive  positions  on  the  railroads, 
and  I  congratulate  Mr.  Hastings  on  his  most  recent  appointment.  We  are  particularly 
pleased  to  know  that,  while  he  could  not  be  here,  he  expects  to  direct  the  work  of 
Committee   14  during  the  coming  year. 

Thank  you  again,  Mr.  McNally.  You  and  your  committee  are  now  excu.sed  with 
the  thanks  of  the  Association. 


President  Loggins  [continuing] :  Gentlemen,  this  completes  the  morning  session. 
I  suggest  that  members  of  the  seven  committees  that  are  holding  luncheons  this  noon 
proceed  promptly  to  their  luncheons,  looking  toward  reconvening  the  afternoon  session 
here  promptly  at  1:30  pm. 

W'e  have  an  interesting  program  for  this  afternoon  which  will  begin  with  the  report 
of  Committee  2.S — Waterways  and  Harbors,  and  an  important  address  by  C.  D.  Curran, 
director  of  waterway  analysis,  Competitive  Transportation  Division,  AAR,  on  "The 
High  Cost  of  Low-Cost  Transportation."  I  hope  you  will  all  hear  Mr.  Curran.  who  is 
relatively  new  in  the  AAR. 

The  meeting  is  now  recessed. 

[The  meetinc  recessed  at   12:1.=;   pm.l 

Afternoon   Session,   March   9,   1964 

(The    meeting   reconvened   at    1:30   pm,   President    Loggins   presiding.] 

President  Lo(;(;ins:   Will  the  meeting  please  come  to  order.  We  have  an  interesting 

program    for    this    afternoon,    including    the    re|)orts   of    five    committees,   each    with    a 

special  feature. 
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Discussion  on  Waterways  and  Harbors 

[For    report,    sec    Bulletin    581,    pages    191-203] 

President  Loggins:  Our  first  report  will  be  that  of  Committee  25 — Waterways  and 
Harbors,  the  chairman  of  which  is  F.  J,  Olsen,  resident  engineer,  Baltimore  &  Ohio 
Chicago  Terminal  Railroad,  Blue  Island,  111.  Will  Mr.  Olsen  and  the  members  of  Com- 
mittee 25  please  come  to  the  platform. 

Again  I  request  that  the  members  of  your  committee  and  reporting  subcommittee 
chairmen  take  places  closest  to  the  podium,  and  again  I  remind  the  audience  that  they 
have  the  privilege  of  the  floor.  If  you  desire  to  comment  on  or  ask  questions  in  con- 
nection with  any  phase  of  a  committee's  presentation,  please  stand,  address  the  Chair, 
state  your  name  and  railroad  or  other  affiliation,  and  then  proceed. 

Mr.  Olsen,  I  am  pleased  to  turn  this  microphone  over  to  you. 

Chairman   F.   J.   Olsen:    Mr.   President,   members   of   the   Association   and   guests: 

Your  Committee  25  is  reporting  on  four  of  its  assignments,  and  work  is  under  way 
on  the  remainder.  The  report  of  Committee  25  is  published  in  Bulletin  581  starting 
on  page  192.  We  invite  questions  or  comments  on  any  part  of  our  report.  Please  feel 
free  to  ask  questions  about  or  comment  on  our  assignments. 

Before  beginning  our  report,  I  should  like  to  take  this  opportunity  to  introduce  to 
you  G.  R.  Collier,  chief  engineer,  Gulf,  Colorado  &  Santa  Fe  Railway,  Galveston,  Tex., 
who  is  the  new  vice  chairman  of  our  committee. 

Assignment  1 — Revision  of  Manual 

Chairman  Olsen:  J.  G.  Miller,  area  engineer,  Baltimore  &  Ohio  Railroad,  is  chair- 
man of  this  subcommittee  but  is  unable  to  be  with  us  today.  This  subcommittee,  with 
the  help  of  the  other  members  of  the  committee,  has  been  making  a  study  of  Chapter 
25  of  the  Manual  for  the  past  two  years  and  now  submits  the  revisions  as  published 
on  page   192   of  Bulletin  581   for  adoption. 

In  accordance  with  the  trend  of  the  time,  we  have  found  it  desirable  to  recommend 
the  deletion  of  three  parts  of  Chapter  25  of  the  Manual.  The  three  parts  are  as  follows: 

Part  2 — Lands  subject  to  servitude  of  navigation  as  affecting  protection  of  roadbeds 
built  or  to  be  built  on  proposed  dam  pool  areas. 

Part  3 — Bridges  over  navigable  waterways. 

Part  4 — Clearances. 

Part  2  was  put  in  the  Manual  in  1935  and  has  been  entirely  superseded  by  the 
Truman-Hobbs  Act  and  subsequent  legislation.  The  AREA  Manual  is  a  manual  of  engi- 
neering practice,  and  it  is  hazardous  to  paraphrase  statutes  or  summarize  court  decisions 
in  such  a  manual.  Advice  of  counsel  should  always  be  the  source  of  information  of 
this  nature. 

Part  3  deals  with  bridges  over  navigable  waters,  but  the  allocation  of  expense  for 
the  construction,  alteration,  maintenance  and  operation  of  such  bridges  is  completely 
governed  by  legislation. 

This  committee  does  not  have  the  time  or  personnel  to  keep  the  Manual  current 
with  respect  to  all  the  revisions  of  the  latest  pertinent  federal  and  governmental  regu- 
lations in  connection  with  bridges  over  navigable  waterways.  The  district  engineer  of 
the  U.  S.  Army,  Corps  of  Engineers  of  the  area  in  question  has  jurisdiction  over  all 
bridges  over  navigable   waterways. 

With  respect  to  Part  4,  the  clearance  for  a  structure  over  a  navigable  waterway  is 
determined  by  law,  and  the  law  is  quite  closely  administered  by  the  U.  S.  Army  Corps 
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of  Engineers;  and  unless  the  owner  of  a  bridge  over  such  a  navigable  waterway  elects 
to  contest  the  Corps'  jurisdiction,  the  only  recourse  is  to  accept  the  clearance  as 
established. 

The  established  clearances  for  the  many  navigable  waterways  throughout  the  United 
States  vary  greatly  and  are  constantly  undergoing  revision.  The  information  necessary 
properly  to  cover  the  subject  and  to  keep  it  current  would  be  too  costly  in  time  and 
too  voluminous  in  material  for  publication  in  an  engineering  manual. 

Therefore,  Mr.  President,  I  move  that  Parts  2,  ^  and  4  of  Chapter  25  be  deleted 
in  their  entirety  from  the  Manual. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  3 — Bibliography  Relating  to  Benefits  and  Costs  of  Inland 
Waterway  Projects  Involving  Navigation 

Chairman  Olsen:  Subcommittee  3  has  been  annotating  references  relating  to 
benefits  and  costs  of  inland  waterway  projects.  Fourteen  such  annotated  references  are 
presented  in  Bulletin  581,  beginning  on  page  192.  M.  A.  Michel,  special  representative — 
staff,  Pittsburgh  &  Lake  Erie  Railroad,  is  chairman  of  the  subcommittee. 

Assignment  6 — Planning,  Construction  and  Maintenance  of  Rail-Water 
Transfer  Facilities 

Chairman  Olsen:  The  report  on  .Assignment  6  will  be  given  by  J.  C.  Fenno, 
assistant  engineer,  Milwaukee  Road,  Milwaukee,  Wis.  Mr.  Fenno. 

J.  C.  Fenno:  A  brief  statement  of  progress  is  offered  as  information.  The  members 
of  Subcommittee  6  have  been  divided  into  two  groups  to  further  the  study  of  rail-water 
transfer  facilities  with  particular  regard  to  roll-on,  roll-off,  lift-on,  lift-off  and  conveyor 
types  of  operations.  Group  1  will  report  on  type  of  facility  required,  and  group  2  will 
report  on  location  considerations.  It  is  anticipated  that  a  preliminary  report  will  be 
made  for  consideration  by  Committee  25  as  a  whole  at  a  proposed  meeting  in  June  of 
this  year. 

Assignment  7 — Relative  Merits  and  Economics  of  Construction  Mate- 
rials Used  in   Waterfront  Facilities 

Chairman  Olsen:  Dr.  Shu-t'ien  Li,  professor  of  civil  engineering.  South  Dakota 
School  of  Mines  and  Technology,  Rapid  City,  S.  Dak.  is  chairman  of  this  subcommittee. 

To  conserve  convention  time.  Professor  Li  has  requested  me  to  report  to  this  annual 
meeting  the  salient  features  of  Subcommittee  7's  progress  report,  focused  on  "Production 
and  Conversion  of  Greenheart  with  Special  Reference  to  Specifying  It  for  Waterfront 
Facilities." 

The  report,  published  in  Bulletin  581,  pages  199-203,  defines  the  genuine  material, 
discusses  its  production,  grading,  conversion,  and  wane,  together  with  long  piles,  sawn 
sections,  stocks  and  specific  orders,  availability,  and  specifications.  This  and  previous 
reports  on  other  phases  of  the  material  arc  all  directed  toward  formulating  recommended 
practices   and  specifications  in   the   forthcoming  years. 


Chairman  Olsen  [continuing] :  President  Loggins,  this  concludes  the  presentation 
of  reports  by  Committee  25  covering  the  work  of  the  past  year. 

Our  program  includes  one  additional  feature,  and  Committee  25  now  takes  pleasure 
in  bringing  you  an  address  on  "The  High  Cost  of  Low-Cost  Transportation"  by  a 
fellow  member  of  our  committee  who  is  particularly  well  qualified  to  discuss  such  mat- 
ters— C,   p.   Curran,  director,  Waterway  Analysis,  Association  of  American   Railroads. 
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A  1928  graduate  of  West  Point  Military  Academy  and  holder  of  advanced  degrees 
from  Cornell  University,  Mr.  Curran  has  devoted  his  entire  career  to  the  fields  of  water 
resources  development  and  public  works  projects — as  an  officer  in  the  Corps  of  Engi- 
neers, U.  S.  Army,  as  an  engineer  and  administrator  for  various  state  and  federal  agen- 
cies and  commissions,  as  a  consultant  in  private  practice,  and  now  as  a  staff  member 
of  the  AAR  to  which  he  came  on  September  17,  1962. 

Mr.  Curran  is  a  Fellow  of  the  American  Society  of  Civil  Engineers;  member, 
National  Society  of  Professional  Engineers;  Sigma  Xi  Fraternity;  American  Political 
Science  Association;  American  Society  for  Public  Administration;  Nevvcomen  Society; 
and,  of  course,  the  AREA.  He  is  listed  in  Who's  Who  in  the  South  and  Southwest, 
Who's  Who  in  Engineering,  and  American  Men  of  Science.  Mr.  Curran. 

The  High  Cost  of  Low-Cost  Transportation 

By  CHARLES   D.  CURRAN 

Director,    Waterway    Analysis,    Association    of    American    Railroads 

When  I  was  invited  to  speak  at  this  meeting  I  was  told  that  you  probably  would 
like  to  know  the  status  and  category  of  all  federal  policy  on  water  resources 
development. 

There   are    18   different  agencies   of   the   federal   government   concerned   with   water 

resources  development  to  a  major  degree.  I  think  about  25   others  are  interested  in  it 

in    varying    degrees.    There  are    8    committees    of    the    Congress    which    are    concerned 
with   it. 

I  heard  a  story  the  other  day.  One  of  the  members  of  Congress  received  a  letter 
from  the  son  of  one  of  his  constituents,  and  it  said,  "Dear  Sir:  Please  tell  me  all  about 
flood  control.  If  you  don't  know  all  about  it,  please  tell  me  in  five  pages,  because  that 
is   my   school   assignment." 

I  have  decided  to  not  try  to  cover  everything.  My  subject  is  "The  High  Cost  of 
Low-Cost  Transportation." 

Last  January  21,  President  Johnson  sent  to  Congress  his  budget  for  1965.  Included 
in  the  requests  was  $184  million  for  construction  of  works  to  facilitate  navigation  by 
shallow-draft  vessels  on  the  inland  rivers  and  intracoastal  waterways  of  the  United 
States.  This  sum  excludes  amounts  for  aids  to  navigation  installed  by  the  Coast  Guard 
and  amounts  for  Great  Lakes  harbors  and  channels,  and  seacoast  harbors.  Also  excluded 
are  amounts  for  multiple-purpose  projects  such  as  the  dams  on  the  Arkansas  and  Colum- 
bia Rivers.  These  latter  works  have  as  their  purpose  development  of  hydroelectric 
power,  flood  control  and  water  supply  as  well  as  navigation.  While  $251  million  is 
budgeted  for  this  category  of  projects,  the  amount  properly  chargeable  to  navigation 
is  not  precisely  known  at  this  stage.  It  is,  however,  far  from  insignificant. 

Another  $70  million  is  included  in  the  budget  for  maintenance  and  operation  of  the 
inland  waterway  navigation  works  for  shallow-draft  vessels.  Lesser  amounts  are  included 
for  surveys,  for  planning,  and  for  other  activities  directly  pertaining  to  inland  water 
navigation,  but  the  figures  already  quoted  are  adequate  to  give  a  measure  of  the  current 
magnitude  of  this  program  which  the  Senate  Select  Committee  on  National  Water 
Resources  said  had  cost  $2,780,000,000  for  construction,  operation  and  maintenance 
to  June  30,  1959.  This  is  an  increase  of  $1  billion  over  the  cost  as  reported  seven  years 
earlier.  With  a  quarter  of  a  billion  to  be  added  by  the  present  budget  and  with  allow- 
ance for  the  five  fiscal  years  since  June  30,  1959,  it  is  obvious  that  we  are  considering 
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a   program   in   which    \\v   have  a   stake   well   over  $.<^.   billion   and   one   that  is  jjrowinR 
at   an   increasing  rate. 

There  is  no  excuse  for  such  expenditures.  First,  the  users  who  benefit  directly  won't 
pay  for  them.  Second,  the  public,  that  is,  the  general  taxpayer,  should  not  be  asked  in 
the  name  of  cheap  transportation  to  assume  the  burden  the  users  themselves  will  not 
assume. 

The  total  traffic  constitutes  less  than  10  percent  of  all  intercity  traffic  and  about 
75  percent  falls  in  five  categories:  Coal  and  coke,  grains,  petroleum  products,  chem- 
icals, and  iron  and  steel.  Then  sand,  gravel,  stone,  lumber  and  logs  make  up  more  than 
15  percent. 

To  learn  just  what  we  get  for  our  money,  examine  a  few  projects  in  detail.  The 
Tennessee  River  is  navigable  from  its  mouth  to  Knoxville,  a  distance  of  about  652  miles. 
In  1930,  provision  of  a  9-ft  channel  was  authorized  at  an  estimated  cost  of  $75  million 
on  the  basis  that  upon  completion,  some  4.7  million  tons  of  traffic  would  be  diverted 
from  rail  to  river  and  that  basin  growth  plus  further  diversion  from  rail  transportation 
would  raise  the  tonnage  to  15.3  million  by  1950.  Traffic  reached  13.1  million  tons  in 
1962,  the  last  year  for  which  U.  S.  Waterborne  Commerce  figures  have  been  published. 
The  Tennessee  \'alley  Authority  says,  in  its  1962  annual  report,  that  the  capital  invest- 
ment allocated  to  navigation  totals  $195,085,000.  Thus,  looking  back  30  odd  years,  we 
find  that  the  project  has  cost  over  21/2  times  what  was  estimated  and  that  traffic  has 
reached  only  87   percent  of  what  was  predicted  it  would  reach  by   1950. 

Both  TVA  and  the  Corps  of  Engineers  spend  money  maintaining  and  operating 
the  Tennessee  River  navigation  project.  Adding  these  costs  plus  aids  to  navigation, 
depreciation,  and  3  percent  interest  on  investment,  the  annual  cost  for  1962  totals 
$12,773,000.  Of  the  13.1  million  tons  of  traffic,  0.8  million  tons  comprised  waterway 
improvement  materials  and  over  2  million  tons,  sand  and  gravel.  Most  of  the  latter  was 
dredged  from  the  river  and  hauled  relatively  short  distances  to  shore  as  part  of  a  mining 
operation  and  not  truly  as  commercial  traffic.  The  river  commerce  amounted  to  10.1 
million  tons.  These  figures  show  that  the  Federal  taxpayer  paid  $1.26  for  each  ton 
moved  on  the  Tennessee  River  in   1962. 

The  Corps  of  Engineers  repwrts  the  traffic  over  the  river  in  1962  as  2,268,792,000 
ton-miles,  a  unit  preferred  to  the  ton  for  measuring  transportation.  The  cost  per  ton- 
mile  to  the  taxpayer  was  5.64  mills. 

In  the  foregoing  computation  I  have  used  TVA's  allocation  of  costs  to  navigation. 
In  December  1963,  the  TV.\  director  of  information,  in  a  letter  to  the  editor  of  The 
Wall  Street  Journal,  wrote,  "In  the  clear  light  of  hindsight,  it  could  be  argued  that  TV.\ 
allocated  too  little,  rather  than  too  much,  of  the  costs  to  navigation  and  flood  control 
at   the   expense   of   power." 

The  published  financial  records  of  the  T\'A  works  are  the  most  comprehensible  for 
analyzing  one  function  of  a  multiple-purpose  development  and  the  published  records  do 
not  permit  an  equally  firm  determination  of  the  public  costs  involved  in  other  develop- 
ments for  navigation.  I  am  not  overlooking  the  St.  Lawrence  River  International  Rap- 
ids project.  But  here  the  power  and  navigation  are  kept  completely  .separated  finan- 
cially. Further,  the  Seaway  is  not  a  part  of  the  shallow  draft  inland  waterway  network 
with  which  I  am  particularly  concerned  today.  The  St.  Lawrence  Seaway  has  its  own 
particular  set  of  problems  and  deficiencies.  However,  it  is  another  project  purporting 
to  provide  low-cost  transportation  that  .serves  as  an  excellent  example  of  underestima- 
tion of  costs,  overestimation  of  benefits  and  economic  inefficiency  of  public  works. 

Another  inland  project  is  the  Columbia  River  in  the  Pacific  Northwest  where  struc- 
tures   for    development    of    hydroelectric    power    and    improvement    of    navigation    have 
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been  underway  since  1933.  Even  now  a  study  is  in  progress  to  seeiv  to  justify  extension 
of  navigation  above  McNary  Dam  to  Wenalchee — and  the  budget  includes  another 
$100,000  for  that  study  for  next  year.  The  major  works  on  the  Columbia  and  Snake 
Rivers  above  Vancouver,  Wash.,  completed  or  under  construction  are  estimated  to  cost 
$1,696,487,000.  The  best  figures  available  show  that  allocations  to  navigation  of  those 
structures  completed  amount  to  $126,168,900  and  of  those  currently  under  construction, 
$151,306,500.  Adding  $7,258,996  for  open  channel  work,  the  total  is  $286,334,996. 

The  Federal  cost  of  navigation  on  the  Columbia  River  (excluding  the  Snake)  above 
Portland,  Ore.,  for  1962  was  $8,232,162,  based  on  annual  maintenance  at  the  average 
of  that  incurred  between  1958  and  1962,  interest  at  3  percent  on  the  capital  investment 
in  completed  works,  and  amortization  of  the  capital  investment  through  the  establish- 
ment of  a  sinking  fund  over  a  SO-year  period  credited  annually  with  interest  at  3  per- 
cent. That  same  year  traffic  totaled  344,975,000  ton-miles,  and  the  taxpayer  cost  of  the 
navigation  improvement  in  use  amounted  to  2.38  cents  per  ton-mile.  A  composite  cost 
per  ton  of  traffic  amounts  to  $4.98  for  1962. 

Bear  in  mind  that  these  unit  cost  figures  I  have  been  using  have  nothing  to  do 
with  transportation  rates.  They  are  the  costs  to  the  public  paid  out  of  Federal  taxes 
which  are  not  included  in  any  rate. 

The  Missouri  River  is  a  good  example  of  an  open  channel  navigation  without 
recourse  to  locks.  After  the  expenditure  of  almost  $400  million  for  open  channel  work 
on  this  project,  the  available  depth  below  Kansas  City  is  still  only  7  ft  and  between 
that  point  and  Sioux  City  only  41/2  ft.  The  published  figures  show  that  $389,111,563 
was  expended  for  new  work  on  the  river  below  Fort  Benton  up  to  June  30,  1962. 
Average  annual  maintenance  and  operation  expenses  over  the  five  preceding  years  were 
$6,120,000.  In  addition,  six  major  dams,  of  which  four  are  essentially  complete,  are 
under  construction  for  flood  control,  hydroelectric  power  development,  water  conserva- 
tion and  navigation.  These  are  estimated  to  cost  over  $1,150,000,000,  of  which  about 
$1  billion  has  already  been  spent.  Data  on  the  portion  of  this  cost  allocable  to  Missouri 
River  navigation  are  not  pubhshed.  Considering  just  the  open  channel  work,  the  Federal 
taxpayer  cost  appropriately  chargeable  to  1962  (under  a  computation  following  the 
same  criteria  already  described)  is  $21,240,000,  of  which  $10,890,000  was  incurred  in 
the  reach  downstream  of  Kansas  City.  Traffic  on  the  river  totaled  less  than  8^^  million 
tons  in  1962.  Of  this,  over  4]^  million  tons  were  waterway  improvement  materials, 
over  \y2  million  tons  sand  and  gravel,  almost  V/z  million  tons  grain,  and  the  remaining 
^  million  tons  of  other  cargo.  Excluding  waterway  improvement  materials  from  com- 
mercial cargo,  the  public  cost  in  1962  amounted  to  $5.57  per  ton  moved  between  Fort 
Benton  and  the   river  mouth. 

Ton-mile  figures  available  are  not  separated  to  show  commodities,  so  it  is  not 
feasible  to  eliminate  noncommercial  cargo  in  computing  unit  costs.  The  overall  cost  per 
ton-mile  for  the  river  was  2.15  cents  and  for  the  reach  Kansas  City  to  the  mouth, 
1.39  cents. 

The  public  cost  of  river  improvement  on  the.se  three  projects  per  ton-mile  of  cargo 
was  as   follows  in    1962; 
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River 


Tennessee        .     .  _ 

Columbia         

Missouri 

Ft.  Benton  to  mouth 
Kansas  City  to  mouth 


MilU/Ton-Mile 


5.() 
23.8 


21.. i 
13.9 


The  current  cost  of  maintenance  alone  is  also  worthy  of  note  as  a  measure  of  the 
relative  value  of  projects  as  well  as  of  continuing  cost  to  the  taxpayer  for  keeping  the 
projects  in  operating  condition. 

Channel   Maintenanck   Costs   Per   Ton- mile  of  Traffic 


Arvraijr  Annual 

Ton-Mitr.'i 

Cost  Opiralion 

Cosl/Ton-Mile 

ftji'cr 

Traffic  10G2 

and  Maintenance 

Optraliort  and 

(Thousands) 

19o8-<>£ 

Maintenance 

{Dollars) 

(Mills) 

Tennessee 

2.2()8.7S»2 

4,78(1.000' 

2.11 

Columbia 

.305.397 

1,3.39.052-' 

4.39 

Missouri: 

Sioux  Citv  to  mouth 

98.1.229 

(1,120.000 

(1.21 

Savannah       .                                                                    .  . 

19.5(59 

85 , 200 

4,35 

MiKsis.sippi: 

5.31().ti27 
5. 225,. 531 

4.989.(105 
2.329.780 

,94 

Mouth  of  Missouri  Rivpr  to  mouth  fif  Ohio  River 

.45 

Ouachita  and  Black 

.5f..025 

(10 .  (1(19 

1,08 

Cumberland 

4f.  1.(180 

1.014,140 

2.20 

Ohio 

19.709.800 

8 , 5(1(1 .  000 

.44 

'TVA  and  Corps  of  Engineers. 

-Separable  costs  only  of  lock  and  dam  projects. 


Let  me  add  one  word  of  caution  aboui  thc.'-e  ton-mile-cost  figures  I  have  been  using. 
They  apply  only  to  costs  of  navigation  works  and  channel.'^.  They  should  not  be  used 
in  comparison  with  ton-mile-cost  figures  for  other  modes  of  transportation  without 
taking  account  of  the  circuity  of  river  travel.  This  is  such  that  on  the  average  river 
travel  is  about  1,6  times  as  long  as  land  travel  between  the  .same  two  points,  but  the 
actual  varies  from   the  average  in  every  instance. 

I  mentioned  earlier  the  $70  million  in  the  present  Federal  budget  for  maintenance 
of  navigation  works.  That  same  budget  also  included  as  an  item  of  anticipated  receipts 
$8  million  from  waterway  user  charges  if  a  levy  of  2  cents  a  gallon  is  placed  on  fuel 
oil.  Immediately,  of  course,  cries  went  up  from  the  same  exponents  of  the  propaganda 
that  the  waterway  is  the  low-cost  mode  of  transportation  that,  to  quote  one,  "the  u.ser 
charge  proposal  .  .  .  [is]  of  such  far-reaching  consequences  as  to  drive  many  carriers 
right  off  the  rivers  if  they  are  put  into  effect."  Another  said,  "The  growth  process 
stimulated  over  many  generations  by  low-cost  water  transportation  is  in  danger  of  being 
reversed.  .  .  .  The  low  cost  of  waterway  transportation  is  almost  its  .■^olo  appeal  and 
some  traffic   would  disappear  on   the  initial   impact  of  tolls," 

In  1962  domestic  barge  traffic,  excluding  lakewise  plus  internal,  inlraport  and  local 
traffic,  amounted  to  over  444  million  tons.  Le.ss  than  two  cents  a  ton  would  be  required 
to  raise  the  $8  million  the  President's  budget  estimates.  The  levy  would  amount  to  less 
than   six-thousandths  of  a  cent    (0.00587   cents)    per  ton-mile. 
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In  considering  the  question  of  the  high  cost  of  low-cost  transportation  to  this  point, 
I  have  been  concerned  with  the  specific  dollar  costs  to  the  taxpayer  for  inland  river 
and  canal  improvements  by  the  Federal  government,  those  costs  which  are  not  met  by 
the  water  carrier  and  so  constitute  a  Federal  subsidy  to  him. 

There  are  other  costs  equally  as  much  a  burden  on  the  taxpayer  but  perhaps  less 
obvious.  While  there  is  perhaps  no  universally  recognized  priority  for  water  use,  it  is 
hardly  sound  to  give  navigation  high  preference  in  competition  with  domestic,  industrial 
and  agricultural  uses  when  there  are  in  this  country  so  many  alternative  modes  of 
transportation. 

The  dedication  of  a  river  to  navigation  may  require  supplemental  works  for  flood 
control  in  the  nature  of  either  local  walls  and  levees  or  upstream  reservoirs  to  replace 
natural  valley  storage  lost  through  canalization  or  through  construction  of  contraction 
works  as  in  the  Missouri  River.  These  are  chargeable  to  navigation  but  usually  assessed 
against  flood  control.  One  of  the  problems  that  has  come  to  the  fore  in  recent  years  is 
the  increased  need  to  conserve  fresh  water  for  domestic  and  agricultural  uses.  This  is 
obvious  in  the  more  arid  areas  of  the  country  and  is  becoming  apparent  in  the  humid 
areas  of  the  east.  There  is  no  substitute  for  water,  whereas  there  are  satisfactory  sub- 
.stitutes  for  inland  river  navigation.  Another  problem  of  increasing  magnitude  is  stream 
pollution.  While  inland  water  carriers  are  not  as  troublesome  as  deep-water  vessels  in 
the  tidal  estuaries  and  bays,  they  certainly  do  not  diminish  the  problem.  To  the  extent 
that  navigation  aggravates  any  of  these  problems,  the  cost  of  alleviation  or  the  impact 
of  uncorrectable  loss  constitutes  additional  hidden  costs  not  reflected  in  any  figures  that 
have   been   cited   here. 

The  Corps  of  Engineers  reported  to  a  Senate  Committee  and  the  Chief  of  Engineers 
has  stated  pubHcly  on  several  occasions  that  about  10,000  miles  of  the  exi.sting  20,000 
miles  of  improved  channels  need  further  improvement  and  that  about  3,000  miles  of 
new  channels  should  be  considered  for  future  development.  "The  total  cost  of  this  pos- 
sible future  work  would  be  about  $8  biUion."  He  estimates  that  $2.7  billion  would  be 
enough  for  the  program  to  1980. 

Let  me  read  one  paragraph  from  the  report  to  the  Senate  Committee. 

"Projects  of  major  magnitude  that  have  attracted  more  than  ordinary  public  interest 
and  support  are — 

"1.  A  waterway  to  connect  the  Ohio  River  with  Lake  Erie. 

"2.  A  canalized  waterway  following  the  course  of  the  Trinity  River  to  Dallas,  Tex. 

"3.  A   canalized   waterway   extending   from   the   Arkansas   River   Waterway,   now 

under  construction,  to   the  vicinity  of  Oklahoma   City,  Okla. 
"4.  Further  extension  of  the  Columbia  River  Waterway. 
"5.  CanaHzation  of  the  Big  Sandy  River  to  provide  a  modern  waterway  from  the 

Ohio    Waterway    into    the    coal-producing    region    of    eastern    Kentucky    and 

western   West   Virginia. 
"6.  Canalization  of  the  Kaskaskia  and  Big  Muddy  Rivers  to  serve  coal  fields  in 

southern   Illinois." 

Many  of  you  are  familiar  with  the  merits  of  some  of  these.  Today  I  do  not  have 
time  to  give  you  more  than  their  names.  These  projects  indeed  "have  attracted  more 
than  ordinary  public  interest"  and  they  deserve  more  than  ordinary  public  examination. 

On  January  20th  of  this  year,  the  day  before  the  President  sent  his  budget  to 
Congress,  Senator  Proxmire  inserted  in  the  Congressional  Record  on  editorial  from  The 
Wall  Street  Journal  commenting  on  a  study  that  examined  147  water  projects  in  10 
states  underway  between  1947  and  1962.  The  study  showed  that  more  than  .$1  billion 
involved  in  the  program,  nearly  45  percent  of  the  total,  was  waste.  The  editorial 
concludes: 
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"Such  criticism,  after  all,  is  not  just  a  blanket  charge  of  waste,  but  a  scholarly 
examination  of  particulars.  It  is  a  fruitful  area  of  investigation  for  those  in  Government 
who  are  seriously  seeking  ways  to  economize. 

"Until  this  sort  of  spending  is  curtailed,  the  taxpayer  can  be  sure,  .  .  .  that  literally 
billions  of  his  dollars  will  be  squandered.  And  too  much  of  the  nation's  resources 
diverted  into  a  watery  waste." 

The  future  program  then  is  something  to  concern  not  only  those  in  the  trans- 
portation industry,  but  indeed  every  citizen  and  taxpayer. 

To  what  extent  is  the  inland  river  navigation  program  truly  development  of  resources 
and  to  what  extent  is  it  more  profligate  exploitation  of  the  taxpayer  and  his  heritage 
in  the  name  of  conservation? 

Just  how  low  cost  is  low-cost  transportation? 

[Applause] 


Chairman  Olsen:  Thank  you,  Mr.  Curran,  for  a  most  interesting  and  informative 
address. 

Are  there  any  questions  from  the  floor?  If  not,  Mr.  President,  this  concludes 
Committee   25's  convention  report.  Thank  you   for  your  attention. 

President  Loggins;  Thank  you,  Mr.  Olsen,  for  your  continued  direction  of  the 
work  of  Committee  25.  The  vast  waterfront  properties  of  the  railroads  present  them 
with  many  special  engineering,  construction  and  maintenance  problems.  We  hope  that 
your  committee  will  keep  us  informed  with  respect  to  these  problems  and  their  solution. 

And  thank  you,  Mr.  Curran,  for  your  very-much-to-the-point  address  on  "The 
High  Cost  of  Low-Cost  Transportation."  We  are  pleased  that  you  are  a  member  of 
Committee  25.  and  we  know  that,  out  of  your  background  as  an  engineer  and  your 
long  association  with  government  projects  and  your  present  affiliation  with  AAR,  you 
are  exceptionally  well  qualified  to  help  progress  the  work  of  this  committee. 

Thank  you  again,  Mr.  Olsen,  for  continuing  the  work  of  your  committee.  We  are 
pleased  to  welcome  G.  R.  Collier,  chief  engineer.  Gulf,  Colorado  &  Santa  Fe  Railway, 
Galveston,  Tex.,  as  the  new  vice  chairman  of  Committee  25,  and  know  that  he  will  be 
helpful  to  you  in  the  year  ahead. 

Your  committee  is  now  excused  with  the  thanks  of  the  Association. 

Discussion  on  Water,  Oil  and  Sanitation  Services 

[For    report,    see    Bulletin    581,    pages    205  243] 

President  Loggins:  We  shall  now  hear  the  report  of  Committee  13 — Water,  Oil 
and  Sanitation  Services,  the  chairman  of  which  is  E.  C.  Harris,  engineer  of  tests,  Mis- 
souri Pacific  Railroad,  St.  Louis,  Mo.  Will  Mr.  Harris  and  the  members  of  Committee 
13  please  come  to  the  platform.  Will  the  subcommittee  chairmen  who  will  be  making 
reports   please   take   places  nearest  the  podium. 

Mr.  Harris,  you   may  proceed. 

Chairman  E.  C.  Harris:  President  Loggins,  members  of  the  Association  and  guests: 

Your  chairman  of  Committee  13  is  pleased  to  announce  that  formal  reports  have 
been  drafted  on  six  of  the  Committee's  ten  subjects  during  the  past  year.  These  reports, 
along  with  progress  statements  for  the  four  subjects  not  formally  reported  on,  appear 
in   .\REA   Bulletin   5S1.   pages   205-243,  published   in   November   1963. 

Assignment   1 — Revision  of  Manual 

Chairman  Harris:  We  shall  now  hear  from  the  chairman  of  Subcommittee  1,  Tom 
A.  Tennyson,  engineer  of  tests  of  the  St.  Louis  Southwestern   Railroad.   Mr.  Tennvson. 
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T.  A.  Tennyson:  During  the  past  year  your  committee  continued  its  study  of 
Chapter  13  of  the  Manual  to  determine  where  revisions  were  needed  to  keep  the  text 
up  to  date  and/or  clarify  the  recommendations.  The  recommended  action,  which  appears 
in  detail  on  pages  206  and  207  of  Bulletin  581,  has  been  approved  by  letter  ballot. 
I  shall  not  read  the  recommendations  in  detail  but  shall  comment  briefly  on  their  nature. 

Water  "Supply,"  Manual  pages  13-1-1  and  13-1-2,  has  been  given  minor  revisions 
to  include  a  statement  about  water  for  cleaning  purposes  and  to  remove  wording  which 
suggests  steam  locomotive  operation. 

In  "Inspection  and  Maintenance  of  Diesel  Fuel  Oil  Storage  Tanks,"  Manual  page 
13-3-28,  the  wording  of  two  sentences  was  changed  to  clarify  intent  and  a  new  item 
added  in  regard  to  prevention  of  accumulation  of  grass  and  weeds  in  the  vicinity  of 
diesel  fuel  oil  storage  tanks. 

"Corrosion  Prevention  in  Steam  and  Condensate  Lines,"  Manual  pages  13-4-17  to 
13-4-22,  inclusive,  is  recommended  for  reapproval  without  change. 

Mr.  President,  I  now  move  that  the  Manual  revisions  described  on  pages  206  and 
207  of  Bulletin  581,  involving  Manual  pages  13-1-1,  13-1-2,  13-3-28,  and  13-4-17  to 
13-4-22   incl.,   be  approved. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment   2 — Corrosion   Prevention   in   Hot    Water   Heating   Systems 

Chairman  Harris:  Subcommittee  2  has  confined  its  work  for  this  year  to  the  type 
of  heating  systems  that  use  hot  water.  Chairman  of  the  subcommittee,  Jack  J.  Dwyer, 
chemical  engineer  of  the  C&O  Ry-B&O  RR,  will  now  give  his  report.  Mr.  Dwyer. 

J.  J.  Dwyer:   Mr.  President,  Mr.  Chairman,  members  of  AREA  and  guests: 

The  report  under  discussion  at  this  time  is  "Corrosion  Prevention  in  Hot  Water 
Heating  Systems."  It  is  found  beginning  on  page  207  of  AREA  Bulletin  581  for 
November  1963,  and  is  the  third  of  a  series  on  control  of  corrosion  in  steam  and  hot 
water  systems  developed  by  Subcommittee  2,  the  preceding  two  of  which  have  already 
become  part  of  the  AREA  Manual.  The  present  paper  is  presented  this  year  as  infor- 
mation, and  if  approved  by  your  committee,  the  assignment  will  be  continued,  to  develop 
the  context  into  a  form  suitable  for  inclusion  in  the  Manual  next  year. 

This  report  is  concerned  with  the  type  of  heating  system  in  which  the  hot  water 
is  supplied  from  a  boiler  to  a  point  of  radiation  and  then  returned  to  the  boiler 
through  a  closed  system  of  piping,  either  by  gravity  or  circulating  pump,  and 
specifically,  with  control  of  corrosion  in  such  a  system. 

Corrosion  in  such  systems  will  usually  have  originated  from  any  or  all  of  three 
sources,  viz,  (1)  acid  from  dissolved  carbon  dioxide,  (2)  other  dissolved  gases,  usually 
oxygen,  and  (3)  galvanic  action  between  dissimilar  metals  in  the  system.  Prevention  of 
air  infiltration  at  pumps,  fittings,  valves,  vents,  and  compression  or  expansion  tanks 
becomes  important,  as  well  as  restricting  makeup  water,  which  will  contain  corrosive 
gases,  to  a  minimum.  Oil,  grease,  pipe  dope,  cutting  oils,  soldering  flux,  dirt  and  sand 
can  contribute  to  corrosion  potential  by  formation  of  anodic-cathodic  areas  under 
deposits. 

Good  chemical  cleaning  of  new  or  overhauled  systems  is  suggested  first,  and  then 
consistent  use  of  an  approved  chemical  treatment  designed  for  use  in  closed  systems. 
The  report  is  summarized  by  the  following  recommended  measures,  which  should  be 
incorporated  into  the  construction  and  maintenance  of  such  a  system: 
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1.  Good  mechanical  desiRn. 

2.  Good  cleaning  of  a  new  system,  or  of  an  old  one  after  repairs. 

3.  Good  maintenance. 

4.  Good  chemical  treatment 

5.  Do  not  drain  system  unless  absolutely  required. 

6.  Do  not  permit  entry  of  dissolved  gases  into  system. 

This  report   is  submitted  as  information. 

Assignment  4 — Cathodic  Protection  of  Pipelines  and  Steel  Storage 
Tanks 

Cii.AiRMAN  Harris:  Subcommittee  4  has  reviewed  its  five  reports  on  this  subject 
published  in  past  issues  of  the  Proceedings  and  has  developed  a  consolidation.  The 
subcommittee  chairman,  Will  F.  Arksey,  engineer  of  water  service  and  fuel  facilities 
of  the  Great  Northern  Railway,  will  now  give  his  report.  Mr.  Arksey. 

\V.  F.  Arksey:  Your  committee  has  condensed  the  material  presented  during  the 
past  several  years  with  the  view  to  presenting  it  as  Manual  material  in  1965. 

The  subject  is  presented  to  acquaint  railway  personnel  with  conditions  causing 
corrosion  of  underground  pipelines  and  tanks  and  methods  for  alleviating  corrosion. 
Whether  a  railway  chooses  to  do  its  own  testing  or  hire  a  corrosion  engineer  to  do  the 
work,  a  knowledge  of  principles  involved  will  be  beneficial. 

I  would  like  to  mention  that  a  special  address  is  to  be  given  during  the  following 
session  by  Harold  Boone,  corrosion  engineer,  Peoples  Gas,  Light  &  Coke  Company, 
Chicago,  entitled  "Corrosion  of  Underground  Metal  Structures  and  Materials  and  Devices 
for  Combatting  it."  Mr.  Boone  is  appearing  under  the  auspices  of  Committee  18,  which 
collaborates  with  our  committee  on  this  subject. 

Assignment  5 — Methods  and  Materials  to  be  Used  in  Car  Cleaning 
Facilities 

Chairman  Harris:  A  very  comprehensive  report  was  made  on  this  new  subject. 
The  chairman  of  the  subcommittee,  R.  A.  Bardwell,  engineer  of  tests,  Chicago  &  Eastern 
Illinois  Railroad,  will   now  give  his  report.  Mr.  Bardwell. 

R.  A.  Bardwell:  The  report  on  Assignment  5  presents  information  on  cleaning 
freight  cars,  passenger  cars,  and  locomotives.  Proper  design  and  control  of  automatic 
facilities  for  these  cleaning  operations  offer  large  savings — roughly  about  $2  per  car 
or  per  locomotive  cleaned  compared  to  manual  methods. 

One  of  the  "spots"  reserved  in  any  new  terminal  facility  is  for  cleaning  freight  cars. 
Efficient  boom-and-nozzle  arrangements  have  been  developed  to  automatically  fiush 
the  interiors  of  box  cars.  Other  types  of  cars  are  also  being  cleaned  in  sufficient  volume 
to  justify  the  use  of  specialized  automatic  facilities  for  greater  economy. 

Clean  exteriors  as  well  as  interiors  of  passenger  cars  provide  a  favorable  effect  on 
public  relations.  Interiors  require  sanitation  control  as  well  as  dirt  removal.  For  exteriors, 
the  proper  application  of  chemical  solutions  along  with  adequate  supply  and  conditioning 
of  the  rinse  water  are  necessary  to  achieve  the  desired  results. 

Automatic  spray  washers  offer  large  savings  in  cleaning  locomotives  where  the 
number  of  units  maintained  can  justify  such  facilities.  Regular  washing  with  effective 
chemical  solutions  and  proper  rinsing  can  maintain  the  exteriors  of  locomotives  and 
trucks  in  good  condition.  Proper  sizing  of  pumps  and  vats  along  with  maintenance  of 
strength  of  chemical  solutions  are  necessary  for  maximum  effectiveness  of  this  cleaning 
operation.  Speed  through  washer  must  be  such  as  to  allow  reaction  time  for  the 
chemicals  applied. 
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Variations  of  automatic  cleaning  operations,  and  of  manual  methods  where 
applicable,  are  given  in  detail  in   this  report. 

Assignment  6 — Railway  Waste  Disposal 

Chairman  Harris:  Progress  has  been  made  by  this  subcommittee  in  its  study  of 
the  disposal  of  oil  and  other  contaminants  that  are  removed  from  railway  waste  water 
by  waste-handling  facilities.  Under  the  leadership  of  Chairman  F.  O.  Klemstine,  super- 
visor water  service,  Pennsylvania  Railroad,  the  subcommittee  expects  to  draft  a  formal 
report  on  this  phase  of  railway  waste  disposal  during   1964. 

Assignment  7 — Installation  and  Maintenance  of  Liquified  Petroleum 
Gas  Facilities 

Chairman  Harris:  An  extensive  and  informative  report  has  been  prepared  on  this 
new  subject.  A  resume  of  the  report  will  now  be  given  by  the  chairman  of  the  subcom- 
mittee, E.  R.  Schlaf,  superintendent  of  fire  prevention,  Illinois  Central  Railroad.  Mr. 
Schlaf. 

The  report  on  Assignment  7  appears  on  pages  223  to  243,  incl.,  of  Bulletin  581. 
It  covers  the  safety  precautions  involved  in  the  installation,  operation,  and  mainte- 
nance of  liquefied  petroleum  gas  facilities,  from  tank  car  unloading  to  the  low-pressure 
reducing  valve  of  an  LP -gas  system,  and  to  the  filling  of  portable  tanks  at  the  container 
filling  plant. 

Walter  Johnson,  vice  president.  National  Liquefied  Petroleum  Gas  Association, 
contributed  much  to  the  report.  Unfortunately,  he  is  unable  to  be  here  with  us  today. 
We  wish  to  acknowledge  his  assistance  in  the  preparation  of  the  report,  which  is  offered 
as  information. 

Assignment  8 — Methods  of  Controlling  Spillage  of  Fuel  Oil  at  Diesel 
Fueling  and   Unloading  Stations 

Chairman  Harris:  The  report  on  this  assignment  will  be  given  by  the  chairman 
of  the  subcommittee,  Vic  C.  Barth,  chief  metallurgist  and  engineer  of  tests,  Chicago  & 
North  Western  Railway. 

V.  C.  Barth:  Your  committee  submits  as  information  a  progress  report  on  the 
use  of  automatic  cut-off  fueling  devices. 

A  survey  of  this  entire  committee  indicated  that  a  few  railroads  are  now  com- 
pletely equipped  and  performance,  in  general,  is  considered  satisfactory ;  however,  it  is 
still  the  consensus  that  the  present  systems  offered  are  not  the  ultimate  answer  to  the 
fueling  problem.  One  of  the  major  problems  is  compatibility,  which  generally  requires 
the  use  of  adaptors.  Also,  it  appears  that  a  constant  maintenance  program  is  required 
to   realize  the   fullest  benefits. 

The  AAR  Committee  on  Locomotives  and  Locomotive  Fuels  and  Lubricants  has 
pursued  the  possibility  of  standardization  and  requested  the  manufacturers  of  the  various 
types  to  explore  this  potential.  Subsequently,  a  manufacturers  committee  on  "Auto- 
matic Fueling  Standardization"  was  organized.  This  group  has  been  given  the  assign- 
ment to  work  toward  interchangeability  of  all  makes  and  a  uniform  means  for  con- 
nection to  any  fueling  facility  without  the  use  of  an  adaptor.  The  manufacturers' 
committee  is  now  actively  engaged  in  this  development  work. 

Assignment  9 — Disinfectants,  Deodorants,  Fumigants  and  Cleaning 
Materials 

Chairman  Harris:  This  complex  subject  is  still  under  study  by  the  subcommittee 
under  the  leadership  of  its  chairman,  Tom  Hendrix,  assistant  engineer  water  service, 
Chesapeake  S(  Ohio  Railway. 
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Assignment  10 — Bacteria  Growth  in  Diesel  Fuel 

Chairman  Harris:  Methods  of  preventing  icing  and  bacteria  growth  in  diesel  fuel 
are  being  studied  by  the  committee  jointly  with  some  of  our  suppliers  of  petroleum 
products. 

William  C.  Harsh,  water  service  inspector,  New  York  Central  System,  and  chair- 
man of  this  subcommittee,  reports  progress  in  this  study  with  the  view  of  preparing 
a  formal   report  during   1064. 

Assignment  3 — Design,  Construction  and  Operation  of  Railroad  Sanitary 
and  Servicing  Facilities,  and  Relations  with  Governmental  Agencies  Per- 
taining to   These  Facilities 

Chairman  Harris:  The  chairman  of  this  subcommittee,  Charles  Muelder,  assistant 
to  engineer  of  buildings,  Chicago,  Burlington  &•  Quincy  Railroad,  will  now  give  his  report 
and  will  also  introduce  our  special   feature. 

C.  F.  Muelder:  Your  committee  is  a  standing  one  reporting  to  the  Association  on 
coach  servicing  facilities  and  presenting  information  on  the  laws,  ordinances,  regulations 
and  decisions  of  various  governmental  agencies  as  they  relate  to  public  health  and 
sanitation. 

Your  committee  wishes  to  advise  that  the  U.  S.  Public  Health  Service  is  revising 
the  handbook  on  Railroad  Passenger  Car  Construction,  and  that  we  have  had  an  oppor- 
tunity to  assist  in  this  work  by  presenting  the  views  of  this  committee. 

There  have  been  no  significant  new  developments  with  respect  to  sanitary  equip- 
ment. We  note,  however,  that  several  private  investigations  are  presently  being  conducted 
on  frost-proof  sanitary  coach-water  hydrants. 

We  call  to  your  attention  the  increasing  interest  and  concern  on  the  part  of  the 
public  and  governmental  agencies  of  pollution  to  streams  and  lakes.  The  United  States 
Senate  recently  passed  Bill  No.  649  sponsored  by  Senator  Muskie,  to  amend  the  Federal 
Water  Pollution  Control  Act.  This  bill  would  establish  the  Federal  Water  Pollution 
Control  .Administration,  increase  grants  for  construction  of  municipal  sewage  treatment 
works,  provide  financial  assistance  to  municipalities  and  others  for  the  separation  of 
combined  sewers,  and  set  up  a  new  governmental  agency  under  an  Assistant  Secretary 
of  Health,  Education  and  Welfare,  to  control  and  abate  pollution  of  interstate  or 
navigable  waters.  Responsibility  of  the  new  agency  would  be  to  set  standards  of  qual- 
ity of  waters,  and  considerable  authority  is  granted  to  carry  out  control  of  pollution  of 
streams  and  lakes. 

There  are  several  other  bills,  both  in  the  Senate  and  House,  on  this  subject.  We 
note  that  the  approach  to  pollution  control  excludes  the  U.  S.  Public  Health  Service 
and  sets  up  new  governmental  agencies,  and  question  the  advisability  of  such  an 
approach. 


Mr.  Muelder  [continuing]:  Committee  1.^  felt  that  ."sanitation  and  pollution  con- 
trol would  be  very  good  subjects  for  our  special  feature,  as  they  are  becoming  very 
important  to  all  of  us.  As  a  result,  I  was  requested  to  contact  H.  W.  Poston,  program 
director,  Water  Supply  and  Pollution  Control,  Department  of  Health,  Education  and 
Welfare,  U.  S.  Public  Health  Service,  and  he  consented  to  appear  before  us. 

Mr.  Poston  is  a  sanitary  engineer  by  training  and  practical  experience.  A  graduate 
of  the  University  of  Iowa,  he  has  been  in  the  U.  S.  Public  Health  Service  for  the  past 
15  years.  His  duties,  in  addition  to  the  regulatory  ones  related  to  U,  S.  public  health, 
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have  included  water  resources  planning,  and  now  include  the  Connrcssional  assignment 
of  water  supply  and  pollution  control. 

Mr.  Poston  has  been  stationed  here  in  Chicago  for  the  past  seven  years.  Presently 
he  and  his  staff  of  200  people  in  five  states  are  making  an  extensive  survey  of  water 
supply  and  pollution  in  the  Great  Lakes  area. 

Mr.  Poston  and  his  staff  developed  the  data  required  by  the  Supreme  Court  in  the 
litigation  over  diversion  of  lake  waters.  He  is  here  today  to  speak  to  us  on  "Diesels 
and  Dirty  Water."  Mr.  Poston.   [Applause] 


Diesels  and  Dirty  Water 

By  H.  W.  POSTON 

Regional    Program    Director,    Water    Supply    and    Pollution    Control, 
United    States    Public    Health    Service 

Mr.  President,  Members  of  the  American  Railway  Engineering  Association  and 
guests: 

When  Mr.  Muelder  approached  me,  he  said  he  wanted  somebody  to  talk  to  railroad 
engineers.  I  thought  at  first  he  wanted  the  man  who  handles  railroad  watering  points, 
dining  car  sanitation,  and  so  on,  as  I  knew  there  were  some  citations  for  excellence 
forthcoming  soon.  But  Mr.  Muelder  insisted  that  there  was  a  great  deal  of  interest  in 
water  pollution;  and  since  this  subject  is  very  close  to  my  heart  and  of  great  interest 
to  me,  I  am  very  happy  to  talk  to  you  about  it  today. 

I  assure  you  I  do  not  have  any  citations  for  excellence  in  this  field  of  water  pollu- 
tion to  offer  you  today,  but  I  should  like  to  tell  you  about  some  of  the  problems  we  in 
the  U.  S.  Public  Health  Service  have  and  what  we  are  doing,  and  finally  to  make  some 
suggestions  as  to  what  you  may  do  to  help  us  so  you  will  have  clean  water  for  your 
diesels. 

Recently  I  was  privileged  to  make  a  trip  to  South  Africa  and  to  attend  a  week's 
meeting  between  industry,  government  and  municipalities  on  effluents  that  are  discharged 
into  their  streams.  Then  I  was  further  privileged  to  visit  some  of  the  metropolitan  areas 
and  some  of  the  industries  in  South  Africa  and  see  what  they  were  doing  in  the  field 
of  pollution  control.  I  would  like  to  run  through  a  few  of  the  observations  that  I  made. 

First,  I  went  to  Durban.  I  might  preface  this  by  saying  that  South  Africa  to  me 
is  a  land  of  extremes.  You  will  see  a  man  plowing  with  oxen  in  one  field,  and  in  the 
next  field  a  man  will  be  doing  the  same  thing  with  one  of  the  latest  International  Har- 
vester tractors.  You  will  see  areas  with  an  annual  rainfall  of  70  in  and  other  areas  with 
4  in.  You  will  see  a  beautiful  countryside,  with  flowers,  and  next  to  it  you  will  see 
desert  country.  You  will  see  very  poor  natives,  and  next  to  them  people  who  apparently 
are  living  off  the  fat  of  the  land. 

I  went  to  Durban,  which  is  on  the  Indian  Ocean,  and  I  noticed  that  they  were 
building  large  villages  for  the  native  population.  They  call  them  native  townships.  They 
were  providing  waste  treatment  for  these  communities.  They  use  only  about  20  gal  of 
water  per  capita,  and  as  a  result  their  sewage  was  very  much  more  concentrated  than 
it  is  in  this  country.  However,  they  were  providing  treatment  before  discharge  to 
streams. 

They  utilize  much  the  same  treatment  there  that  we  do.  However,  I  noticed  that 
they  use  two-stage  trickling  filters  followed  by  sedimentation,  and  then  a  tertiary  treat- 
ment involving  lagoons. 
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I  went  to  Saicor,  a  pulp  manufacturing  plant  located  in  the  suburb  of  Durban, 
and  here  they  were  using  river  water.  Their  effluent  was  discharged  into  the  river  which 
carried  it  to  the  ocean  some  three  or  four  miles  distant.  At  the  ocean,  where  the  beach 
was  used  by  swimmers,  they  had  a  problem  with  foaming,  so  they  sprayed  sulfonated 
whale  oil  on  the  foam  to  disperse  it  or  prevent  the  effluent  from  foaming.  This  caused 
sharks  to  come  in.  so  they  had  to  install  shark  nets.  People  insisted  that  they  use  castor 
oil  after  this. 

They  were  thus  having  a  problem  with  pollution,  but  they  were  looking  toward 
solving  this  problem  by  discharging  through  a  long  outfall  far  out  into  the  ocean.  They 
had  hopes,  on  the  basis  of  studies,  that  this  could  be  done. 

The  city  of  Durban  itself  was  planning  an  outfall  to  carry  its  waste  into  the  ocean 
at  a  place  where  it  would  not  interfere  with  the  use  of  beaches  or  otherwise.  There  was 
also  an  industry  in  Durban  which  processed  ore  for  titanium ;  during  the  time  I  was 
there  it  was  closed  by  a  government  edict  because  it  was  creating  unsightly  conditions 
along  the  beaches  for  a  considerable  distance. 

Then  I  went  to  Johannesburg,  and  there  they  were  installing  a  new  sewer  system 
located  some  25  miles  out  in  the  country.  The  waste  in  the  outfall  sewer  dropped  some 
1000  ft,  and  was  given  complete  treatment,  consisting  of  two-stage  rock  filters  and 
settling.  Then  they  passed  a  portion  of  this  sewage  plant  effluent  through  rapid  sand 
filters,  chlorinated  it  and  then  pumped  it  some  1300  ft  back  to  a  steam  power  plant 
where  it  was  used  as  cooling  water.  We  don't  have  many  places  in  this  country  with 
such  water  shortages. 

Further,  there  was  a  plant  at  Johannesburg  that  was  manufacturing  cyanide  for 
the  gold  mines  which  extracted  gold  by  the  cyanide  process.  This  plant  used  the  gas 
from  the  digesters  in  the  sewage  plant,  and  rented  water  from  the  sewage  plant  for 
cooling  and  processing. 

In  Windhoek,  where  the  rainfall  is  4  in  a  year,  they  were  investigating  plans  for 
additional  water  supply,  which  included  the  re-use  of  the  municipal  sewage  plant 
effluent.  This  gives  you  an  idea  of  the  value  placed  on  water  in  Southwest  Africa. 

In  Praetoria  I  attended  a  one-week  meeting,  as  I  mentioned  earlier,  where  people 
from  industry,  from  the  government  and  from  municipalities  discussed  problems  very 
similar  to  those  we  have  in  this  country. 

I  also  visited  Iscor,  which  is  a  steel  plant  in  Praetoria.  Here  they  were  using  only 
1600  gal  of  water  per  ton  of  steel  produced.  In  the  Chicago  area  water  consumption 
will  run  as  high  as  70,000  gal  per  ton  of  steel  produced. 

I  tell  you  these  things  because  we  have  very  similar  problems  in  this  country,  and 
it  is  problems  like  these  that  have  motivated  our  Congress  to  pass  a  Water  Pollution 
Control  .Act  in  1948  and  to  pass  revisions  in  1956  and  again  in  1961 ;  even  today  we 
have  in  Congress  a  bill  which  would  further  strengthen  the  federal  water  pollution 
control  laws. 

Congress,  I  think,  is  motivated  by  the  voters,  and  in  this  tKJci  they  are  largely 
bipartisan.  We  received  requests  from  Congressman  Proxmirc,  who  has  constituents 
around  Lake  Koshkonong  in  Wisconsin  who  wanted  something  done  about  water  i)ol- 
lution  there.  Congres.sman  McClory  here  in  Lake  County,  111.,  has  had  complaints  about 
water  pollution  from  his  constituents  on  the  Fox  chain  of  lakes.  Further  complaints 
have  come  from  Cedar  Lake  in  Indiana.  These  complaints  all  have  come  in  recently, 
so  they  are  fresh  in  my  mind. 

Congress  has  given  us  a  Federal  Water  Pollution  Control  .Act  which  provides  for 
our  operation,  and  I  would  like  to  tell  you  about  some  of  the  parts  of  this  Act.  First, 
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the  Congress  declares  that  it  is  the  states'  responsibility  to  prevent  and  control  pollution. 
But  the  federal  government  has  other  concerns.  It  sees  a  great  need,  in  light  of  our 
population  explosion  and  anticipated  industrial  growth,  for  water  resources  that  will 
accommodate  this  expanded  population  and  industry.  We  need  better  water  resources, 
and  resources  in  greater  quantity. 

One  of  the  parts  of  this  Federal  Water  Pollution  Control  Act  provides  for  technical 
assistance  to  the  state  agencies,  to  municipalities  and  to  industries,  to  help  solve  water 
pollution  problems,  particularly  how  to  handle  specific  wastes.  Waste  treatment  plants 
run  into  problems  with  new  types  of  waste,  or  new  plants  have  operational  problems. 
The  Public  Health  Service,  through  the  Sanitary  Engineering  Center,  which  is  our 
research  center,  has  experts  in  the  fields  of  bacteriology,  chemistry,  biology,  engineering, 
and  others.  So,  when  someone  has  a  technical  problem  that  cannot  be  handled  by  state 
agencies  or  local  agencies,  the  U.  S.  Public  Health  Service  does  have  people  who  can 
be  of  assistance. 

Another  program  concerns  construction  grants  to  municipalities  to  aid  in  the  con- 
struction of  waste  treatment  works  and  outfall  sewers.  This  program  was  started  in 
1956,  and  since  that  time  we  have  participated  in  some  5,000  projects.  The  rate  of 
sewage  treatment  plant  construction  prior  to  1956  was  approximately  $200  million  per 
year  for  municipal  waste  treatment.  This  past  year  the  rate  of  construction  had  reached 
$600  million  per  year. 

About  a  year  ago  Congress  passed  the  Accelerated  Public  Works  Act,  which  called 
for  stimulation  of  our  economy  through  federal  aid  in  the  construction  of  public  works. 
Funds  for  the  construction  of  waste  treatment  plants  were  obtained  from  this  Accel- 
erated Public  Works  Act,  and  as  a  result  our  construction  rate  has  been  stimulated 
until  it  is  now  at  the  rate  of  some  $800  million  per  year.  So,  this  is  the  carrot  that 
has  been  passed  out  to  municipalities  to  encourage  construction  of  waste  treatment  works. 

I  might  say  that  the  Reconstruction  Grants  Program  calls  for  a  30  percent  grant, 
whereas  the  Accelerated  Public  Works  program  calls  for  a  50  percent  grant.  These  50 
percent  grants  enable  projects  to  be  undertaken  which  could  not  have  been  undertaken 
otherwise,  because  there  was  not  enough  money  available. 

Another  part  of  the  federal  program  calls  for  "comprehensive  programs"  for  water 
pollution  control.  To  me,  this  means  a  determination  of  what  the  existing  conditions 
are  with  regard  to  pollution  control,  what  conditions  we  hope  to  have,  and  what  water 
uses  we  hope  to  accommodate  in  the  future;  and  then  what  would  be  required  in  the 
way  of  work,  laws,  research,  funds  and  so  on,  to  complete  the  program. 

The  whole  country  has  been  divided  into  major  basins,  and  comprehensive  pro- 
grams have  been  scheduled  for  completion  after  1970,  depending  upon  budgets,  to 
provide  water  pollution  control  for  the  entire  country. 

We  have  presently  under  way  a  comprehensive  program  for  the  Great  Lakes 
Basin.  This  was  triggered  probably  by  our  Chicago  diversion  case  in  which  hearings 
have  been  held  before  the  Supreme  Court  Special  Master  who  will  make  a  decision 
as  to  whether  or  not  Chicago  can  take  as  much  water  out  of  the  Great  Lakes  for  dilu- 
tion of  its  waste  as  it  wants.  This  is  of  vital  interest  in  this  area.  Chicago's  opponents 
in  the  Great  Lakes  case  wants  Chicago  to  return  its  waste  waters  to  the  lake. 

Probably  the  least  liked  parts  of  the  Federal  Water  Pollution  Control  Act  are  the 
enforcement  provisions,  jjut  I  think  any  program  re(]uires  such  pro\isions  if  we  are  to 
accomplish  anything.  They  provide  for  enforcement  of  pollution  abatement  measures 
on   interstate   waters  where  pollution   from  one  state  affects  the  water  of  another  state. 
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An  individual  state  has  no  authority   to  ronfrol  pollution   from  another  state,  and  that 
is  the  reason  for  the  federal  i;o\ernment  stepping  in. 

There  is  another  provision,  added  in  1<K)1,  which  says  that  tlie  federal  uovernment 
has  authority  on  intrastate  waters  which  comes  into  play  when  the  governor  of  a  state 
or  the  official  state  apency  requests  the  Secretary  of  Health,  Education  and  Welfare 
for  assistance  in  abatement  of  pollution  in  that  state. 

Enforcement  is  carried  out  in  several  ways.  One  is  a  conference,  where  we  sit  around 
a  table  and  try  to  determine  whether  there  is  pollution,  what  abatement  measures  are 
planned,  and  what  is  holding  up  abatement;  and  we  make  an  effort  to  come  up  with  a 
schedule  for  abatement  of  pollution.  If  this  can  be  done  at  a  conference  that  is  all  that 
is  required  under  the  enforcement  provisions. 

If  agreement  cannot  be  reached,  or  if  a  schedule  is  not  met,  then  a  public  hearing 
called  by  the  Secretary  is  held  before  the  hearing  board,  and  based  upon  the  findings 
the  Secretary  can  issue  an  order  for  abatement  of  pollution.  If  the  schedule  and  the 
order  of  the  Secretary  are  carried  out,  this  again  can  be  the  end  of  enforcement.  How- 
ever, if  the  schedule  is  not  met,  or  if  the  parties  cannot  agree,  then  the  matter  is  turned 
over  to   the   federal  court   for  federal  court  action. 

I  might  say  that  only  one  out  of  almost  30  cases  has  reached  court  stage,  and 
court  decision  in  that  case  was  not  necessary,  as  the  city  involved  decided  to  pass  a 
bond  isue  to  provide  waste  treatment.  Most  of  the  cases  are  completed  by  holding  a 
conference. 

We  have  had  two  cases  in  our  region  where  the  governor  of  the  affected  state  has 
asked  for  assistance.  One  was  in  Detroit  and  the  other  involved  the  Upper  Mississippi 
River  from  Minneapolis-St.  Paul  down  through  Lake  Pepin.  In  the  latter  case  the 
Governor  of  Minnesota  jointly  with  the  Governor  of  Wisconsin  requested  the  Secretary 
that  the  federal  government  give  them  assistance  in  establishing  a  plan  for  pollution 
control  in  that  Upper  Mississippi  River  area. 

Another  provision,  and  the  last  one  I  shall  mention,  is  research.  The  U.  S.  Public 
Health  Service,  as  I  told  you,  has  a  research  center — the  Robert  A.  Taft  Sanitary 
Engineering  Center — where  we  have  scientists  in  all  categories  doing  special  research 
on  special  problems. 

Congress  has  seen  fit  to  authorize  and  make  appropriations  for  seven  additional 
laboratories  to  be  located  around  the  country — in  Corvallis,  Ore.;  in  Ada,  Oklahoma; 
in  Alaska;  in  Ann  Arbor,  Mich.;  in  Athens,  Ga.;  in  Boston,  Mass.;  in  the  Mid-Central 
states  and  on  the  East  Coast.  There  will  be  two  additional  research  laboratories,  one 
in  Duluth,  Minn.,  to  develop  criteria  for  fresh  water  quality,  and  one  in  Massachusetts 
which  will  study  saline  water  criteria. 

Research  is  of  great  concern  to  us  because  of  the  need  to  develop  treatment  of  the 
new  wastes  that  we  are  constantly  having,  to  develop  cheaper  methods  of  waste 
treatment,  and  to  develop  testing  and  monitoring  procedures. 

In  addition  to  the  research  being  done  at  the  aforementioned  research  centers,  the 
U.  S.  Public  Health  Service  is  letting  contracts  for  research  to  industry,  to  universities 
and  to  others. 

Congress  by  law  has  given  us  the  basic  tools  to  do  our  job,  and  made  it  amply 
clear  that  it  wants  us  to  get  this  job  done.  We  can't  do  it  by  ourselves.  Pollution  comes 
from  local  sources,  and  we  need  the  help  of  indu.stry,  municipalities  and  others  by  their 
taking  the  local  action  that  is  required. 

The  question  then  comes  up:  What  can  industry  do? 
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Some  of  the  things  industry  can  do  in  general  are  these:  They  can  help  us  in  our 
stepped-up  research  program.  We  need  advice  and  help  from  scientists  in  industry  to 
answer  some  of  our  problems.  We  need  the  best  possible  communications,  because  there 
is  no  wisdom  whatsoever  in  duplicating  effort.  Discoveries  which  will  help  any  element 
of  the  economy  should  not  go  unnoticed  and  unused. 

Industry  can  provide  a  large  measure  of  the  leadership  needed  to  get  the  job 
accomplished  in  time.  There  is  obviously  a  need  for  leadership  at  state  and  local  levels. 
Industry  has  so  much  at  stake  in  this  that  it  seems  entirely  reasonable  that  industry 
assume  leadership  where  it  is  needed. 

Industry  must  make  greater  use  of  the  knowledge  that  is  now  available  to  attack 
pollution  and  to  keep  it  from  our  waterways.  Industry  should  focus  its  statistical 
talent  on  doing  a  better  job  of  reporting  on  what  industry  is  actually  doing. 

All  major  water-using  industries  should  step  up  the  tempo  of  their  individual  pro- 
grams in  all  phases  of  water  supply  and  water  quality  management. 

Specifically,  what  can  the  railroads  do?  This  is  getting  a  little  closer  to  home  for 
you.  I  think  the  railroads  must  provide  adequate  treatment  for  all  sewage  or  industrial 
waste  before  discharge  to  a  water  course.  This  includes  not  only  the  provision  of  the 
facility  itself  but  also  its  careful  and  intelligent  operation. 

Oil  and  oily  wastes  should  be  kept  from  mixing  with  water  and  gaining  access  to 
sewers  or  waterways  where  possible.  Exclusion  is  the  first  principle  of  pollution  control 
When  oil  unavoidably  contaminates  water  it  should  be  removed  with  adequate  oil  sepa- 
rators. Attention  to  operation  is  a  must  if  removal  is  to  be  effective. 

Sewage  industrial  wastes  should  be  kept  separate  from  cooling  and  storm  waters. 

Waste  from  cleaning  and  flushing  tank  cars  can  seriously  pollute  water  courses. 
The  railroads  can  take  the  initiative  in  adequately  handling  these  wastes.  They  can  also 
influence  customers  who  use  tank  cars. 

The  railroads  as  active  developers  of  industrial  properties  often  influence  site 
locations  for  proposed  industrial  plants,  and  in  this  respect  railroads  have  the  oppor- 
tunity and  the  responsibility  to  influence  industry  in  matters  of  waste  control  and  waste 
disposal.  These  industries  should  be  made  aware  that  processed  waste  will  require  treat- 
ment approved  by  the  state  Water  Pollution  Control  agency,  and  that  state  agencies 
are  helpful  in  matters  of  location,  type  and  degree  of  waste  treatment  that  will  be 
required.  Industry  should  be  made  aware  that  exclusion  and  treatment  of  processed 
wastes  are  as  much  a  part  of  plant  design  as  raw  materials,  manufacturing  processes 
and  markets. 

In  summary,  there  is  great  concern  about  pollution  of  the  waters  in  our  country, 
and  an  increasing  demand  to  get  on  with  this  job  of  pollution  abatement.  The  railroad 
industry  has  an  important  job  to  prevent  pollution  from  their  property  and  facilities. 

As  promoters  of  new  industries,  the  railroads  have  the  opportunity  to  use  their  in- 
fluence for  clean  water.  Unless  we  do  a  better  job  of  keeping  our  rivers  and  our  streams 
clean,  we  will  not  have  enough  water  to  enable  our  country  to  prosper  and  to  grow. 

Thank  you.  [Applause] 


Chairman  Harris:   Mr.  Poston,  the  committee  thanks  you  for  your  remarks. 

The  committee  will  now  entertain  any  questions  from  the  floor.  If  there  are  no 
questions,  Mr.  President,  this  concludes  the  report  of  Committee   13. 

President  Loggins:  Thank  you,  Mr.  Harris.  Your  committee  has  a  wide  scope  of 
interests  as  compared  with  those  in  the  steam  locomotive  days,  and  our  Association 
looks  to  you  to  keep  us  up  to  date  on  these  matters.  Mr.  Poston,  we  greatly  appreciate 
your  being  on  the  program  and  the  timely  message  you  have  brought  to  us. 
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Mr.  Harris,  despite  all  the  many  helpful  reports  which  your  committee  has  made 
to  this  Association,  we  know  it  has  much  unfinished  business.  Wc  know  you  will  continue 
your  work  aggressively  during  the  coming  year. 

Your  committee  is  now  excused  with   the  thanks  of  the  Association.   [Applause] 


Discussion  on  Electricity 

[For   report,   see   Bulletin    583,   pages  437-480] 

President  Loggins:  The  next  item  on  the  program  will  be  the  report  of  Commit- 
tee 18 — Eleclj-icity.  You  will  recall  that  this  committee  was  established  early  in  1961  to 
take  over  the  fixed-property  work  of  the  former  Electrical  Section,  Engineering  and 
Mechanical  Divisions,   AAR. 

The  chairman  of  this  committee  during  the  past  year  has  been  J.  J.  Schmidt,  assist- 
ant director  of  research,  Denver  &  Rio  Grande  Western  Railroad,  Denver,  Colo.  Will 
Mr.  Schmidt  and  the  members  of  the  committee  please  come  to  the  platform. 

Assignment  1 — Revision  of  Manual  (Sees.  3  and  14,  Electrical  Manual, 
AAR) 

Chairman  Schmidt;  In  the  absence  of  Subcommittee  Chairman  W.  0.  Mueller, 
electrical  engineer-fixed  property,  Missouri  Pacific  Railroad,  I  shall  call  on  P.  O.  Lautz 
to  give  the  report  on  revision  of  the  AAR  Electrical  Manual.  He  is  assistant  electrical 
and  shop  extensions  engineer,  Santa  Fe. 

P.  O.  Lautz:  Mr.  President,  members  of  the  Association,  and  guests: 

The  matter  of  symbols  for  use  in  electrical  diagrams  is  active,  as  it  must  be  to  keep 
abreast  of  the  ever  evolving  art  and  science  of  electrical  engineering.  These  activities 
culminate  at  intervals  in  revised  standards  covering  symbols. 

In  this  country  the  American  Standards  Association  (ASA)  is  the  organization  that 
might  be  called  the  "clearing  house"  through  which  associations  and  institutes  sponsor 
standards  for  approval  in  their  respective  fields. 

Outside  this  country  the  International  Organization  for  Standardization  (ISO)  and 
the  International  Electrotechnical  Commission  (lEC)  are  the  two  bodies  involved.  The 
international  outlook  is  not  beyond  our  sphere  of  interest,  for  locomotives,  rail  welders, 
other  machinery  and  tools,  radios,  TV's  and  other  products  from  foreign  countries  have 
entered  our  markets.  Also,  foreign  firms  have  plants  in  this  country  and  many  American 
firms  have  or  are  opening  plants  in  other  lands. 

In  1962  the  ASA  approved  and  printed  a  revised  standard  on  "Symbols  for  Elec- 
trical and  Electronics  Diagrams."  This  standard  is  a  consolidation  of  and  supercedes 
several  separate  standards  previously  in  use,  at  least  one  of  which  dealt  primarily  with 
symbols  u.sed  in  electrical  diagrams  within  the  transportation   field. 

Such  broad  standardization  is  desirable  and  beneficial  in  that  it  minimizes  confusion 
and  mistakes  in  engineering  matters,  where  such  should  not  exist  or  occur.  At  present 
we  have  to  acquaint  apprentices  and  engineers  in  training  with  the  different  symbols 
having  similar  or  like  meanings  and  with  the  different  meanings  for  the  same  or  similar 
symbols  used  by  different  manufacturers  or  organizations. 

Section  18  of  the  AAR  Electrical  Manual  is  devod-d  largely  to  wiring:  diagrams 
for  rolling  stock,  as  indicated  b\  its  title.  As  >ou  have  learned  from  our  report,  one 
of  our  objectives  is  to  provide  for  requirements  relating  to  fixed  profjerty  in  this 
section. 
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In  consideration  of  the  above,  it  was  the  concensus  of  Committee  18  that  the  Elec- 
trical Manual  should  refer  to  ASA  standards  for  the  symbols  it  has  approved,  and  print 
only  the  symbols  needed  in  the  railroad  industry  which  are  not  included  in  ASA 
standards.  This  is  another  of  our  objectives. 

This  committee  solicits  your  cooperation  and  help  by  your  reporting  to  it  the  sym- 
bols you  need  that  are  not  approved  or  included  in  .\S.\  standards ;  also  symbols  that 
should  be  established  and  considered  for  recommendation  to  the  ASA  for  adoption  and 
approval. 

Assignment  4  and  8 — Power  Supply,  Motors  and  Controls,  Collaborating 
with  Mechanical  Division,  AAR 

Chairman  Schmidt:  Subcommittee  4  and  8.  under  the  chairmanship  of  T.  F. 
Jelnick,  electrical  engineer — line  property,  Burlington  Lines,  is  making  excellent  progress 
in  its  studies  and  will  have  a  formal  report  to  present  next  year. 

Assignment  5 — Illumination,  Collaborating  with  Committee  6  and  the 
Mechanical  Division,   AAR 

Chairman  Schjviidt:  Subcommittee  5  is  under  the  chairmanship  of  E.  D.  Feak, 
assistant  signal  and  electrical  engineer.  Southern  Railway  System.  I  shall  ask  Mr.  Feak 
to  report  for  his  subcommittee. 

E.  D.  Feak:  The  formal  report  of  this  subcommittee  is  divided  into  three  parts, 
the  first  of  which  presents  for  adoption  recommendations  with  respect  to  the  AAR 
Electrical  Manual.  In  addition,  during  the  past  year,  we  have  done  considerable  work 
on  the  lighting  of  piggyback  yards,  assembling  information  relative  to  what  has  been 
done  on  the  various  roads  in  different  parts  of  the  country,  particularly  in  Chicago 
which  probably  has  the  largest  installations  of  this  nature.  However,  these  data  have 
not  yet  been  whipped  into  report  form. 

Our  suggestions  with  respect  to  the  Manual  deal  with  Section  5 — Illumination. 
In  Chapter  1  of  this  section  we  propose  a  number  of  changes  in  wording  in  order  to 
explain  more  clearly  what  lighting  is  and  how  it  performs  its  function. 

In  connection  with  the  material  on  reflection  factors,  I  would  point  out  that  such 
factors  were  not  of  very  great  importance  30  years  ago;  but  in  areas  having  all  kinds 
of  Hghting.  as  we  increase  the  intensity  of  light,  reflections  from  surfaces  and  incidental 
reflection  may  become  objectionable ;  one  could  almost  be  blinded  by  it,  that  is,  you 
could  have  more  Hght  on  a  subject  and  still  see  less.  We  have  tried  to  make  this  more 
understandable. 

This  chapter  of  the  Manual  also  has  a  glossary  of  illumination  terms  that  dates  back 
nearly  30  years.  Since  then  there  has  been  a  great  deal  of  progress  in  the  Ughting  field. 
Many  lighting  terms  that  did  not  exist  at  the  time  the  Manual  was  formulated  have 
come  into  e.xistence,  and  our  committee  has  undertaken  to  bring  this  glossary  up  to  date 
so  that  members  will  have  a  ready  reference  for  any  illumination  terms  they  may 
encounter.  To  that  end  we  recommend  deletion  of  the  glossary  as  it  now  exists  and  the 
substitution  therefor  of  the  Glossary  of  Illumination  Terms  from  the  Manual  of  the 
Illumination  Engineering  Society,  with  the  removal  of  those  terms  which  we  feel  do  not 
particularly  apply  to  railroad  work.  In  connection  with  Chapter  2— Lighting  of  Fi.xed 
Property,  we  have  rewritten  the  material  on  yard  lighting.  The  rewritten  version  is  a 
complete  resume  of  present-day  practice,  with  particular  attention  given  to  Hghting 
high-speed  retarder  yards.  The  Hghting  of  flat  switching  yards  and  manual  hump  yards 
is  also  covered.  The  new  material  includes  a  table  of  illumination  levels  which  it  is  felt 
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are  the  minimum  that  should  be  provided  for  safe  operation,  considering  both  personnel 
and  equipment.  This  table  also  includes  the  footcandle  levels  recommended  as  the  mini- 
mum that  should  be  provided  for  trailer-on-t!atcar  yards  and  container-on-flatcar  yards. 

Mr.  President,  I  move  that  the  recommendations  with  respect  to  the  AAR  Electrical 
Manual  published  on  pages  441   to  458,  incl.,  in   Bulletin  .=>8,^   be  adopted. 
[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.  | 

Mr.  Feak:  The  second  part  of  our  report,  presented  as  information,  is  entitled 
"Reading  Numbers  of  Freight  Cars  in  Motion."  There  have  been  two  general  schemes 
developed  for  doing  this  by  television.  In  one,  the  controlled  type,  the  camera  and  the 
cars  are  inside  a  building  at  the  time  the  picture  is  taken.  In  the  other,  the  uncontrolled 
type,  the  cars  are  outdoors  and  the  camera  is  in  a  little  house  alongside  the  track,  the 
lighting  being  subject  completely  to  the  vagaries  of  the  weather. 

There  is  quite  a  difference  in  these  two  systems.  The  one  that  provides  control  of 
the  weather  does  not  need  nearly  as  much  light,  but  there  must  be  enough  light  to  get 
a  good  picture  of  a  car  moving  at  a  rate  of  about  10  mph. 

With  the  outdoor  system  you  have  to  provide  the  same  equivalent  lighting  for  all 
kinds  of  weather — rain,  snow,  even  fog.  Consequently,  it  has  been  necessary  to  provide 
as  much  as  15  kw  of  incandescent  light  in  order  to  get  the  proper  amount  of  light  on 
the  side  of  the  car  in  any  kind  of  weather. 

The  third  part  of  our  report  is  entitled,  "Lamps  for  Railroad  Applications."  We 
have  tabulated  here  information  on  the  newer  types  of  lamps  submitted  by  one  of  the 
leading  lamp  manufacturers.  These  include  improved  incandescents,  particularly  mercury 
vapor  and  fluorescent  lights.  This  part  of  our  report  is  also  submitted  as  information. 

Assignment  9 — Electrolysis  and  Electrolytic  Corrosion,  Collaborating 
with  Committee  13,  and  Signal  and  Communication  Section,  AAR 

Chairman-  Schmidt:  Subcommittee  9  is  under  the  chairmanship  of  E.  B.  Hager, 
assistant  engineer  of  the  Illinois  Central  Railroad,  who  will  introduce  our  special  feature. 

E.  B.  Hager:  The  man  who  will  present  our  special  feature — Harold  C.  Boone — 
was  born  in  Oklahoma  City  where  he  attended  public  schools,  graduating  from  high 
school  in  1934.  He  went  to  work  for  the  Oklahoma  Gas  and  Electric  Company  in  1936 
where  arrangements  were  made  that  permitted  him  to  attend  the  University  of  Okla- 
homa. He  graduated  from  the  University  of  Oklahoma  in  1942,  earning  a  bachelor's 
degree  in  electrical  engineering. 

Upon  graduation  he  was  employed  by  the  Aircraft  Radio  Laboratory,  Signal  Corp, 
Dayton,  Ohio,  until  he  was  drafted  by  the  Navy  in  1944.  On  release  from  the  Navy 
he  went  to  work  for  the  Texas  Pipeline  Company  as  a  junior  electrolysis  engineer. 
He  was  assigned  to  work  on  pipelines  in  Illinois. 

In  1951  he  took  advantage  of  an  opportunity  to  join  the  engineering  department 
of  The  Peoples  Gas  Light  and  Coke  Company,  Chicago.  He  has  been  working  full  time 
in  corrosion  control  work  since  1947.  He  is  past  chairman  of  the  Corrosion  Committee 
of  the  American  Gas  Association  and  has  progressed  through  the  official  ranks  of  the 
National  Association  of  Corrosion  Engineers,  Chicago  Section.  He  is  at  present  the  chair- 
man of  The  Chicago  Joint-Electrolysis  Committee,  of  which  the  Illniois  Central  Railroad 
has  been  a  member  since  the  ec^rly  1930's. 

Mr.  Boone  will  now  talk  to  us  about  corrosion  of  underground  metal  structures, 
and  materials  and  devices  for  combatting  it.  Mr.  Boone. 
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Corrosion    of    Underground    Metal    Structures,   and 
Materials   and   Devices   for   Combatting   It 

By  H.   C.   BOONE 

The    Peoples    Gas,    Light    and    Coke    Company,    Chicago 

The  gas  main  and  services  in  a  gas  utility  represent  the  major  part  of  its  total 
investment,  and  their  protection  warrants  the  expenditure  of  a  sizable  amount  of  time, 
effort  and  money.  The  railroads  also  have  a  major  investment  in  underground  metallic 
structures  such  as  lead-sheathed  cables,  and  oil,  gas  and  water  piping,  and  are  interested 
in   the   use  of  corrosion  prevention  materials  and  devices. 

Even  if  only  a  small  percentage  of  savings  could  be  obtained  in  reducing  main- 
tenance costs  by  the  elimination  of  pipe  and  cable  failures  due  to  corrosion,  I  am  sure 
the  sum  of  money  would  be  a  sizable  amount.  More  will  be  said  on  the  subject  "Cor- 
rosion" and  how  "Corrosion"  and   "Electrolysis"  are   related   but   different. 

Corrosion  Caused  by  Stray  Current 

Electrolysis  is  the  process  whereby  an  electric  current  passing  from  an  electrode 
to  an  electrolyte  or  vice  versa  causes  chemical  changes  to  take  place  in  the  electrolyte. 
Electrolysis  also  includes  any  chemical  changes  at  the  surface  of  an  electrode  resulting 
from  the  chemical  changes  in  the  electrolyte.  Electrolysis  is  independent  of  the  heating 
effect  of  the  electric  current. 

As  used  in  this  paper,  the  term  "electrolysis"  embraces  the  entire  process  of  accel- 
erated corrosion  of  underground  metallic  structures  due  to  stray  current.  In  the  electro- 
lysis of  gas  and  water  pipes,  cable  sheaths  and  other  underground  metallic  structures, 
and  the  rails  of  electric  railways,  the  moisture  of  the  soil  with  its  dissolved  acids,  salts, 
and  alkalies  is  the  electrolyte,  and  the  metal  pipes,  cable  sheaths  and  rails  are  the 
electrodes. 

For  example,  when  a  direct  electric  current  flows  from  the  surface  of  a  metal 
structure  to  earth,  particles  of  metal  are  carried  into  solution  and  electrolytic  corrosion 
takes  place.  If  the  electric  current  flows  in  the  reverse  direction,  that  is,  from  the  earth 
to  the  metal  surface,  usually  no  action  takes  place  and  no  corrosion  occurs.  In  the  first 
case  the  structure  is  positive  to  earth,  denoting  an  anodic  condition;  whereas,  in  the 
second  case  the  structure  is  negative  to  earth,  denoting  a  cathodic  condition. 

The  rate  of  corrosion  is  directly  proportional  to  the  current  discharge  per  unit  area 
of  structure  surface  and,  based  on  Faraday's  Law,  a  flow  of  1  amp  from  the  surface 
of  an  iron  structure  removes  20  lb  of  metal  in  one  year's  time.  In  general,  the  intensity 
of  an  anodic  condition  is  expressed  in  milhamperes  per  square  foot  of  metal  surface. 
The  amount  of  corrosion  or  the  quantity  of  metal  removed  by  electrolysis,  therefore, 
depends  on  the  intensity  of  an  anodic  condition  and  the  length  of  time  that  the 
condition  exists. 

Electrolysis  takes  place  when  an  electric  current  strays  from  the  regular  metallic 
path  provided  for  it  and  finds  its  way  into  the  earth,  thence  onto  buried  pipes  and 
other  underground  structures.  Any  direct-current  circuit  grounded  at  two  points  may  be 
the  source  of  current  responsible  for  electrolysis,  although  the  practical  electrolysis  prob- 
lem is  mostly  due  to  stray  currents  from  electric  railways  which  u.se  the  running  rails 
in  contact  with  earth  for  a  part  of  the  electric  circuit. 

For  such  railways,  it  is  common  practice  to  supply  current  to  the  cars  from  an 
overhead   trolley   wire   or   from   a   third   rail   and   to   return   this  current   to   the  power 
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station  through  the  running  rails,  supplemented  in  some  instances  by  return  feeders. 
The  running  rails  are  bonded  at  joints  between  successive  rail  lengths  and  cross  bonded 
at  frequent  intervals  to  afford  electrical  continuity.  If  the  running  rails  are  laid  on 
wooden  ties  above  ground  with  clean  and  dry  broken  stone  for  ballast,  the  rails  do  not 
come  in  contact  with  the  earth,  and  the  return  current  will  be  practically  confined  to  the 
running  rails.  If.  however,  the  running  rails  are  laid  so  that  the  top  of  the  rail  is  level 
with  the  surface  of  the  street,  the  rails  will  be  exposed  for  a  considerable  area  to  con- 
tact with  the  earth.  When  tracks  are  laid  on  a  concrete  base  a  considerable  area  of  the 
rails  may  similarly  be  in  contact  with  the  earth.  Since  damp  soil  and  damp  concrete  are, 
under  ordinary  conditions,  conductors  of  electricity,  part  of  the  current  returning 
through  the  rails  will  shunt  from  the  rails  through  the  neighboring  earth  as  illustrated 
in  Fig.  1.  This  figure  shows  in  diagram  a  street  railway  and  a  parallel  pipe  and  indicates 
the  principles  involved.  All  of  the  current  from  the  street  car  does  not  return  to  the 
substation  through  the  running  rails  but  shunts  to  two  other  return  paths  as  well, 
namely,  the  earth  and  the  parallel  pipe.  The  amount  of  current  in  each  of  the  three 
paths  is  inversely  proportional  to  their  respective  resistance  (Ohms  Law).  The  rails, 
which  are  directly  connected  to  the  negative  bus  at  the  substation,  carry  the  major  por- 
tion of  the  current.  In  the  outlying  district,  usually  referred  to  as  the  negative  zone, 
a  portion  of  the  current  leaves  the  rails  for  earth  and,  in  this  region,  current  collects  on 
the  pipe  from  the  earth  as  shown  on  the  illustration.  The  rails  are  anodic  in  this  so- 
called  negative  zone  and  are  corroded  by  the  electric  current  leaving  them  for  the  soil. 
The  current  which  collects  on  the  pipe  in  the  negative  zone  flows  along  the  pipe  towards 
the  substation.  To  complete  the  electric  circuit,  the  current  must  ultimately  find  its  way 
back  to  the  negative  bus  in  the  railway  substation,  and  will  therefore  leave  the  pipe  in 
the  vicinity  of  the  substation  and  return  to  the  rails  connected  to  the  negative  bus.  It  is 
within  this  positive  zone  that  the  pipe  is  anodic  and  is  corroded  by  the  electric  current. 

With  the  national  trend  to  reduce  the  extent  of  the  electric  transportation  system, 
stray  current  will  be  less  of  a  problem,  and  the  effect  of  soil  corrosion  (galvanic  type) 
will  become  more  noticeable  in  the  absence  of  the  large  negative  earth  voltage  created 
while  the  large  direct-current  systems  were  in  operation.  In  the  past,  stray  current  has 
been  blamed  for  most  of  the  underground  pipe  damage  and  little  was  said  about  the 
protection  from  corrosion  that  the  stray  current  supplied  in  the  larger  areas  where  the 
mains  were  picking  up  stray  current  and  causing  them  to  be  negative  to  earth.  When 
the  iron  pipe  is  negative  to  earth,  thus  preventing  corrosion,  it  is  referred  to  as  being 
"cathodically  protected."  In  order  to  correctly  diagnose  the  failure  of  the  pipe  due  to 
corrosion  it  is,  therefore,  important  to  study  the  causes  for  the  corrosion  of  iron  and 
steel  other  than  that  caused  by  stray  current  or  electrolysis. 

Galvanic  Corrosion 

Iron  and  steel,  when  buried,  have  a  natural  tendency  to  revert  back  to  iron  oxide. 
Iron  has  what  is  called  an  affinity  for  oxygen,  whether  buried  in  earth  or  left  exposed 
to  the  weather.  The  chemical  changes  occurring  are  referred  to  as  rusting  or  corroding 
and,  accompanying  this  process,  there  is  a  transfer  of  energy. 

Several  years  ago,  the  Bureau  of  Standards  investigated  the  electro-chemical  nature 
of  corrosion  processes  and  found  that  extremely  small  electric  currents  and  voltages  due 
to  the  transfer  of  electrons  were  created  by  the  corrosion  action.  The  electric  potentials 
could  be  measured  by  highly  sensitive  instruments.  As  early  as  1790,  an  Italian  scientist 
discovered  that  every  metal  has  a  natural  electrical  potential  which  distinguishes  it  from 
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another  and,  when  listed  in  order  of  the  most  electrically  positive  to  the  most  negative 
metal,  as  in  Fig  2,  they  are  referred  to  as  the  "galvanic  series." 

Upon  examining  the  characteristics  of  the  metals  listed  in  the  galvanic  series,  it  was 
found  that  a  more  positive  metal  will  go  into  solution  when  connected  to  a  more  nega- 
tive metal.  For  example,  when  magnesium  and  iron  are  placed  in  water  or  damp  earth 
the  magnesium  will  sacrifice  to  protect  the  iron.  The  iron  is  said  to  be  cathodic  or  more 
"noble"  than  the  magnesium.  If  iron  is  placed  with  copper  under  the  same  conditions, 
iron  would  be  the  metal  to  go  into  solution  thus  sacrificing  to  save  the  copper.  A  com- 
bination of  copper  with  graphite  (carbon)  under  the  same  condition  would  corrode 
the  copper. 

Advantage  is  taken  of  this  principle  when  batteries  are  manufactured  to  produce 
electricity  for  flashlights,  radios,  and  many  other  uses.  Fig.  3  is  a  cross  section  of  a  dry- 
cell  battery  having  a  carbon  electrode  positive  terminal  and  a  zinc  case  for  the  negative 
terminal  In  order  for  this  battery  to  produce  electricity,  the  zinc  case  must  corrode 
and  eventually  wear  out.  The  carbon  electrode  would  last  indefinitely  since  it  is  protected 
by  the  zinc.  This  protection  of  the  more  noble  metal  is  referred  to  as  cathodic  protec- 
tion; the  carbon  rod  is  the  cathode  when  looking  at  the  internal  circuit  of  the  battery. 

A  similar  action  takes  place  when  a  brass  valve  in  a  steel  pipe  installation  is  buried 
in  the  earth,  as  in  Fig  4.  A  small  amount  of  brass  in  a  large  amount  of  steel  will  not 
cause  as  much  corrosion  as.  for  example,  will  an  iron  valve  in  a  copper  line.  The  amount 
of  corrosion  taking  place  is  al.so  dependent  on  the  condition  of  the  backfill  around  the 
pipe  and  valve.  Some  soils  promote  corrosion  activity  because  they  are  better  conductors 
of  electricity. 

Corrosion  will  also  occur  when  there  is  a  di.ssimilarity  in  the  pipe  surface  such  as 
that  caused  by  pipe- wrench  teeth  markings.  This  is  shown  in  Fig.  5.  The  teeth  marks  are 
electro-positive  to  the  surrounding  pipe  surface.  Corrosion  caused  by  cinders  (the  par- 
tially burned  portion  of  bituminous  coal)  is  somewhat  different  from  that  cau.sed  by 
ordinary  soils.  When  a  steel  pipe  is  laid  in  intimate  contact  with  cinders,  there  is  a  dis- 
similarity of  metals — the  cinder  is  one  metal,  the  cathode,  the  pipe  wall  is  the  anode — 
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Fig-  3 — Battery  action  (galvanic  cell). 
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Fig-   4 — Corrosion   caused  by  dissimilar  metals. 
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and  the  acids  leached  out  of  the  cinders  contaminate  the  soil  and  increase  its  activity. 
Cinders  may  perhaps  be  considered  one  of  the  major  causes  for  failure  of  iron  pipe  in 
the  City  of  Chicago. 

Another  case  of  corrosion  due  to  unlike  metals,  which  was  a  source  of  trouble  for 
many  years  before  the  reason  was  discovered,  was  the  use  of  new  steel  pipe  with  old 
steel  pipe.  For  example,  when  a  leak  developed  and  a  section  of  pipe  was  cut  out  and  a 
new  section  welded  in,  the  new  section  did  not  last  as  long  as  the  original  section.  The 
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Fig.   5 — Corrosion   caused   by  dissimilarity  of  surface   conditions. 
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Fig.  6 — Use  anode  to  protect  new  and  old  pipe. 


"old  timers"  would  immediately  say  "They  just  don't  make  the  pipe  today  like  in 
years  past."  This  was  thoupht  to  be  true  until  it  was  learned  that  the  new  pipe  is  elec- 
trochemically  positive  to  the  rusty  pipe  when  buried  in  the  earth.  In  order  to  overcome 
this  condition  when  it  occurs,  the  pipeliners  are  installing  mannesium  anodes  on  the  new 
sections  of  pipe  and  replacing  the  magnesium  anodes  periodically  rather  than  replacing 
the  pipe.  This  is  illustrated  in  Fig.  6. 

Corrosion  is  frequently  found  in  the  utilities'  underground  .service  lines  into  a  typi- 
cal residence,  for  instance,  in  a  copjx^r  water  line  into  the  hot  water  tank  which  is  fed 
natural  gas  through  a  steel  service  pipe.  Becau.se  of  galvanic  action,  it  is  reasoned  that 
the  corrosion  of  the  steel  pipe  will  be  accelerated  by  the  connection  of  the  copper  line 
in  the  same  earth.  Of  course,  the  rate  of  corrosion  is  dependent  on  the  surrounding 
conditions. 

Gas  services  are  sometimes  connected  to  >teel  mains  and  even  more  commonl.N  to 
cast  iron  mains  in  low-pres.sure  distribution  .systems.  Ca.st  iron  has  proven  highly  cor- 
rosion resistant,  but  it  too  can  tend  to  hasten  the  rate  of  corrosion  of  any  steel  con- 
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nected  to  it,  although  the  potential  difference  is  much  smaller  than  that  found  between 
iron  and  copper.  The  steel  is  the  sacrificing  anode  in  the  dissimilar  metal  couple.  This 
undesirable  dissimilar  metal  combination  can  be  remedied  by  installing  the  steel  and  cast 
iron  pipe  electrically  insulated  from  each  other.  This  is  readily  done  by  using  an  insu- 
lating type  of  coupling. 

Up  to  this  point  we  have  only  discussed  corrosion  caused  by  connecting  unlike 
metals  in  the  same  electrolyte  or  medium.  The  second  most  common  source  of  galvanic 
corrosion  is  the  pitting  of  a  metallic  structure  passing  through  unlike  electrolytes  or 
backfills.  This  is  illustrated  in  the  laboratory  set  up  shown  in  Fig.  7.  Two  pieces  from 
the  same  metal  rod  are  buried  in  unlike  soils  which  are  separated  by  a  porous  divider. 
Electrolyte  1  is  sand  and  electrolyte  2  is  clay.  The  arrows  in  Fig.  7  indicate  the  flow  of 
metal  particles  away  from  the  electrode  in  the  clay  and  corrosion  is  due  to  the  dissimi- 
larity of  electrolytes  or  backfills. 

Fig.  8  illustrates  a  practical  example  of  this  when  a  section  of  pipeline  traverses 
from  sand  backfill  to  clay  backfill  and  then  again  through  sand.  Again  the  arrows  indi- 
cate the  flow  of  the  iron  particles  from  the  wall  of  the  pipe  in  the  clay.  Quantities  of  1 
amp  or  greater  of  polarized  current  have  been  measured  on  pipelines  remote  from  man- 
made  electric  current  areas.  These  long-line  currents  are  generated  by  any  pipeline 
traversing  through  widely  different  soils.  To  appreciate  the  amount  of  damage  these 
currents  will  do,  we  should  remember  that  1  amp  of  direct  current  flowing  from  the 
pipe  to  the  earth  for  a  period  of  one  year  will  reduce  the  weight  of  the  pipe  by  20  lb. 

Another  case  of  corrosion  is  iron  pipe  buried  in  a  trench  where  several  layers  of 
various  types  of  soil  are  removed  and  mixed  when  returned  to  the  trench,  resulting  in 
many  small  galvanic  cells  being  created  on  the  surface  of  the  buried  pipe.  However,  it 
is  believed  that  a  better  practice  is  to  backfill  with  clean  sand  at  locations  where  the 
soil  is  known  to  be  of  a  corrosive  nature. 

A  third  example  of  corrosion  caused  by  dissimilar  electrolytes  is  that  which  causes 
pitting  of  an  iron  service  pipe  in  soil  near  a  concrete  wall.  A  service  pipe  installation 
entering  a  basement  is  an  example.  The  pitting  of  the  iron  pipe  occurs  in  the  soil  just 
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Fig.   8 — Corrosion   caused   by   dissimilar  soils. 


outside  the  highly  alkaline  concrete  wall.  The  most  severe  condition  occurs  when  the 
soil  is  slightly  acid.  In  this  case  there  is  a  wide  dissimilarity  between  it  and  the  alkaline 
mortar  around  the  pipe  in  the  wall.  The  extent  of  activity  of  the  corrosion  cell  is,  in 
general,  proportional  to  the  amount  of  difference  between  the  characteristics  of  the 
electrolytes  and  ratio  of  the  areas  of  the  two  metals  involved. 

The  activity  of  the  corrosion  cell,  whether  caused  by  dissimilar  electrolyte  or  dis- 
similar metals,  can  be  reduced  or  eliminated  by  coating  the  buried  metal  with  a  good 
insulating  material  and/or  connecting  it  to  a  sacrificial  metal  such  as  mentioned  earlier. 


Sacrificial  Anodes   for  Corrosion  Control 

Magnesium  anodes  as  sacrificial  anodes  are  manufactured  for  the  purpose  of 
cathodically  protecting  iron  or  steel  structures  buried  in  the  earth,  and  are  readily  ob- 
tainable. A  simple  diagram.  Fig.  9,  illustrates  how  the  magnesium  anode  functions  when 
connected  in  the  earth  to  a  steel  pipe.  The  magnesium  is  electrically  positive  to  steel 
and  corrodes  away  to  save  the  steel. 

The  serviceable  life  and  the  effectiveness  of  the  magnesium  anode  is  dependent  on 
several  conditions:  (1)  the  weight  of  the  magnesium,  (2)  the  pipe  coating  surface  re- 
sistance, (3)  the  earth  resistance,  and  (4)  the  amount  of  pipe  area  exposed  to  the 
anode.  The  last  condition  is  illustrated  in  Fig.  10  where  a  section  of  cast  iron  main  has 
been  replaced  with  a  section  of  steel  pipe.  In  this  case  it  may  be  assumed  that  steel 
pipe  was  used  because  of  the  unstable  backfill  conditions  across  a  sewer  excavation. 

Because  cast  iron  pipe  has  very  good  resistance  to  corrosion,  no  attempt  has  been 
made  to  prolong  its  service  life  with  coating  or  magnesium  anodes.  However,  a  steel 
section  needs  a  good  coating  and  a  magnesium  anode. 

The  effectivene.ss  of  the  anode  is  assured  by  insulating  (flectricaily)  the  steel  from 
the  cast  iron,  thereby  limiting  the  area  to  be  cathodically  protected  by  the  anode.  In 
order  to  economically  justify  the  use  of  magnesium  anodes,  each  type  of  installation 
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Fig.  10 — Showing  need  for  "insulating  couplings"  to  direct  the  protective 
current  on  to   the  steel  section  only. 


must  be  designed  to  have  a  desirable  span  of  years  before  requiring  replacement.  This 
type  of  corrosion  control  has  become  increasingly  popular  with  the  rise  of  installation 
costs. 


Rectifiers  with  Groundbed  Are  Used  for  Cathodic  Protection 

Magnesium  anodes  are  limited  in  the  amount  of  current  and  voltage  that  they  have 
available  because  of  their  inherent  characteristics  as  galvanic  anodes,  and  because  of 
this  limitation,  other  means  of  cathodic  protection  current  and  voltage  must  be  supplied. 
The  rectifiers  which  convert  alternating  current  to  polarized  current  are  used  with 
groundbeds  of  impressed-current  type  of  anodes  and  are  suitable  for  supplying  any  re- 
quired current  and  voltage.  The  negative  terminal  of  the  rectifier  is  connected  to  the 
metal  underground  structure  and  the  positive  terminal  to  high-silicon,  graphite  or  car- 
bon anodes.  There  are  three  common  types  of  groundbed  design,  the  most  common  be- 
ing the  installation  where  the  anode  group  is  placed  at  one  point  on  the  system,  for  ex- 
ample, 200  it.  f^f  more  from  the  line  with  anodes  IS  ft  or  more  apart.  The  second  type 
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is  the  plan  where  the  anodes  parallel  the  line  to  be  protected.  The  anodes  are  con- 
nected together  with  a  common  groundbed  cable  to  the  rectifier.  This  type  is  known  as 
the  distributed-groundbed.  A  third  type  is  the  deep-well  groundbed,  and  as  the  name 
suggests,  the  anodes  are  installed  in  a  well  200  ft  or  more  deep  with  the  nearest  anode 
to  the  surface  underground  metal  structure  at  about  100  ft.  Of  course  the  space  between 
the  first  anode  and  tJie  structure  to  be  protected  depends  on  the  spread  of  the  cathodic 
current  desired. 

Automatic   Reverse   Current  Switch 

Under  the  heading  "Corrosion  Caused  by  Stray  Current"  it  is  stated  that  it  is 
within  the  positive  zone  that  the  pipe  is  anodic  and  is  corroded  by  a  stray  electric  cur- 
rent. Thus,  it  is  only  logical  that  engineers  devised  the  automatic  reverse  current  switch, 
which  is  another  device  available  for  the  control  of  corrosion  by  stray  current  or 
"electrolysis."  The  installation  of  the  "A.R.C.  switch"  must  include  an  adequately  sized 
conductor  between  the  metal  structure  to  be  protected  and  the  negative  conductor  in 
the  electric  railway  system.  In  this  system  a  small  polarizing  relay  receives  the  indica- 
tion that  current  wants  to  flow  to  the  negative  buss,  thereupon  closing  the  polarizing 
relay,  and  in  turn  energizing  the  main  breaker's  solenoid,  and  completes  a  low-resistant 
path  for  current  to  flow  "off"  of  the  structure,  providing  a  path  for  the  stray  current. 
This  operation  actually  provides  cathodic  protection  for  the  underground  structure. 
However,  there  are  conditions  in  the  operation  of  most  direct-current  supply  stations  in 
which  the  voltage  of  the  negative  buss  in  relation  to  the  underground  structure  will 
cause  current  to  flow  out  to  the  underground  structure  and  thus  to  earth,  creating  a 
corrosive  condition.  This  is  also  prevented  by  the  sensing  of  the  polarizing  relay  which 
causes  the  main  breaker  to  "open." 

To  a  limited  extent  rectifier  stacks  can  be  used  in  bonds  where  current  is  desired  to 
flow  in  only  one  direction,  and  are  sometimes  referred  to  as  "electronic  valves."  Their 
use  at  present  is  very  limited,  primarily  because  of  their  high  threshold  voltage  and  the 
ease  with  which  reverse  voltage  damages  them.  This  is  an  area  in  which  more  engineering 
and  research  can  be  done  to  bring  us  another  device  for  the  control  of  corrosion  caused 
by  stray  current. 
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Thank  you  for  your  attention.   [Applause] 


Chairman  Schmidt:  Thank  you,  Mr.  Boone,  for  your  well  illustrated  and  graphic 
discussion  of  a  problem  that  is  of  growing  importance  to  all  railroads  when  we  consider 
the  tremendous  in\cstment  we  all  have  in  underground  structures  and  pipe. 

Assignment  10 — Wire,  Cable  and  Insulating  Materials  Collaborating 
with  Mechanical  Division,  AAR 

Chairman  Scum  jot  :  F.  T.  Snider,  of  the  Pennsylvania  Railroad,  chairman  of  Sub- 
committee 10,  will  report  on  the  activities  of  this  subcommittee. 

F.   T.   Snider:    Mr.   President,   Mr.   Chairman,   members  and   guests: 

A  complete  revision  of  Section  10 — Wire,  Cable  and  Insulating  Materials,  of  the 
AAR  Electrical  Manual,  is  contemplated  for  our  next  report.  This  will  involve  elimina- 
tion of  some  specifications,  changes  in  others  and  will  make  our  requirements  in  com- 
plete accord  with  national  standards. 
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ASA  specification  for  VVeather-Resistanf  Wire  and  Cable  (URC  type)  C8. 18— 1962. 
has  been  rewritten  and  is  now  available  from  that  association.  The  Fourth  Edition  of 
"Rubber-Insulated  Wire  and  Cable  for  the  Transmission  and  Distribution  of  Electrical 
Energy,"  IPCEA  S-19-81,  NEMA  WC3-196.^  has  been  published  and  is  available  from 
either  organization. 

Our  report  as  published  in  Bulletin  583  presents  data  on  two  new  types  of  insula- 
tion which  are  now  being  used.  One  is  chlorosulfonated  polyethylene,  which  has  most  of 
the  good  characteristics  of  rubber  and  is  resistant  to  most  of  the  factors  which  are  harm- 
ful to  rubber.  An  outer  covering  of  neoprene  or  similar  material  is  not  necessary  with 
this  material.  It  is  being  used  in  a  wide  range  of  applications. 

The  other  type  of  insulation  is  polytetrafluorethylene,  which  is  being  used  exten- 
sively for  many  special  applications.  It  has  excellent  heat,  solvent  and  oil  resistance  and 
can  be  made  in  thin  walls  of  insulation  with  resulting  small  diameters.  Several  railroads 
are  presently  using  this  material  for  applications  in  locomotives  and  other  types  of 
installations. 

Assignment  11 — Electric  Heating,  Collaborating  with  Committee  6  and 
Mechanical  Division,  AAR 

Chairman  Schmidt:  Subcommittee  11,  under  the  chairmanship  of  H.  C.  Cross, 
superintendent  electrical  construction,  Baltimore  &  Ohio  Railroad,  is  preparing  a  report 
for  submission  next  year. 

Assignment  13 — Railway  Electrification,  Collaborating  with  Mechanical 
Division,  AAR 

Chairman  Schmidt:  The  report  on  Assignment  13  will  be  presented  by  Subcom- 
mittee Chairman  B.  C.  Hallowell,  engineer  electric  traction,  Long  Island  Railroad. 

B.  C.  Hallowell:  President  Loggins,  Chairman  Schmidt,  members  and  guests: 
Your  committee's  report  on  developments  in  the  field  of  railway  electrification,  both 
domestic  and  foreign,  is  printed  in  Bulletin  583,  January  1964,  pages  471  through  480. 

United  States  Developments 

The  greatest  progress  in  the  United  States  relative  to  electrification  has  been  ex- 
hibited by  the  placing  in  service  of  new  multiple-unit  cars,  as  follows: 

1.  Pennsylvania  Railroad — 38   cars,   11-kv  a-c  collection 

2.  Reading  Company — 17  cars,  11-kv  a-c  collection 

3.  Long   Island   Railroad — 30   cars,   600-v  d-c   collection 

On  February  29,  1964,  the  Long  Island  Railroad  completed  restoration  work  on  its 
11-kv  catenary  system,  and  the  New  York,  New  Haven  &  Hartford  Railroad  resumed 
electric  operation  of  freight  trains  between  New  Haven  and  the  Bay  Ridge  Terminal  of 
the  Long  Island. 

A  number  of  studies  are  being  progressed  in  metropolitan  areas,  and  a  large  per- 
centage are  recommending  various  types  of  rapid  transit  system  installations  over  por- 
tions of  existing  railroad  lines. 

Our  committee  will  endeavor  to  keep  abreast  of  the  various  developments  now  be- 
ing progressed  for  electrification  systems  in  Atlanta,  Boston,  Los  Angeles,  New  York, 
Philadelphia,  Pittsburgh  and  Washington,  D.  C. 
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Foreign  Developments 


Expansion  of  electrification  systems  is  progressing  at  a  rapid  rate;  14  countries  are 
extending  their  systems.  The  general  trend  favors  the  2S-kv  a-c  commercial  frequency 
system. 

One  of  the  outstanding  features  presented  at  the  American  Railway  Progress  Expo- 
sition in  October  1963,  was  a  film  and  talk  by  W.  M.  Keller,  vice  president  research, 
AAR,  on  Japan's  new  Tokaido  Trunk  Railway  between  Tokyo  and  Osaka,  a  distance 
of  320  miles. 

[The  committee  calls  attention  to  an  error  in  the  figure  shown  for  British  Railways 
electrification,  on  page  473  of  the  committee's  report.  The  figure  shown,  220  miles,  is  for 
SO-cycle,  a-c,  2S,000-v  lines  only.  The  proper  figure  should  be  1388  route  miles  (Decem- 
ber 31,  1961)  or  3672  track  miles,  including  sidings.  The  statement  referred  to  in  the 
report  should  be  corrected  to  read:  "At  the  present  time  there  are  3672  miles  of 
electrification  in  Great  Britain,  etc."] 

Mr.  Hallo  well:  Beginning  on  page  474  your  committee  presents  its  final  draft  on 
"Railway  Electrification — A  Condensation  of  AAR  and  AREA  Reports  on  this  Subject 
Over  Last  Seven  Years."  The  committee  has  requested  that  this  report  be  reprinted  and 
distributed  to  railroad  officers  to  acquaint  them  with  the  facts  and  statistics  supporting 
our  belief  in  the  future  of  electrification  systems. 

[In  the  interest  of  clarification,  the  committee  has  revised  the  first  paragraph  under 
".Application — Main  Line,"  to  read  as  follows: 

"The  Joint  Committee  examined  the  relative  costs  of  three  systems:  300-v,  d-c; 
12-kv,  2S-cycle;  and  2S-kv,  60-cycle  electrification  when  applied  to  U.  S.  railroads  with 
dense  traffic." 

It  also  calls  attention  to  a  typographical  error  in  the  second  last  line  in  the  para- 
graph at  the  top  of  page  476,  in  which  the  statement  "20,000  kv"  should  have  been 
"20,000  kva."] 


[Vice  President  T.  F.  Burris  assumed  the  chair.] 

Chairman  Schmidt:  .Are  there  any  questions  or  comments  on  any  part  of  Com- 
mittee 18's  report?  If  not,  Mr.  Vice  President,  this  concludes  the  presentation  of  Com- 
mittee 18. 

Vice  President  T.  F.  Burris:  Thank  you,  Mr.  Schmidt,  and  the  members  of  your 
committee  for  your  interesting  and  informative  reports.  There  is  considerable  in  the  .\AR 
Electrical  Manual  with  respect  to  the  fixed-property  aspects  of  electricity  and  its  appli- 
cations which  require  review  and  revision. 

We  are  glad  to  see  your  committee  progressing  this  work,  because  wc  want  to  see 
the  material  brought  up  to  date  as  quickly  as  possible.  I  am  sure  your  committee  will 
progress  its  work  aggressively. 

Knowing  of  the  serious  problem  of  corrosion  of  underground  structures  on  the 
railroads  we  are  particularly  indebted  to  Mr.  Boone  for  his  informed  discussion  of  meth- 
ods, material  and  devices  for  combatting  it.  Surely  he  and  his  company  have  had  ex- 
tensive experience  with  this  problem,  and  we  appreciate  his  sharing  that  experience 
with  us. 

Mr.  Schmidt,  your  committee  is  nt)w  excu.sed  w  ilii  liic  thanks  of  the  .As.sociation. 
[.A  pplau.se  I 
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Discussion  on  Economics  of  Railway  Location  and  Operation 

[For   Report,    see   Bulletin    581,    pages    131-146] 

Vice  President  Burris:  The  next  committee  to  report  is  our  Committee  16 — Eco- 
nomics of  Railway  Location  and  Operation,  the  chairman  of  which  is  T.  D.  Wofford, 
Jr.,  assistant  to  chief  engineer,  Illinois  Central  Railroad,  at  Chicago.  Will  Mr.  Wofford 
and  the  members  of  his  committee  please  come  to  the  platform  and  present  their  report. 

I  understand  that  your  more  formal  reports  are  to  be  supplemented  by  a  sym- 
posium participated  in  by  four  of  your  members.  May  I  ask  that  these  four  men  sit 
directly  alongside  you  here  at  the  speaker's  table,  in  order  to  minimize  the  shifting  of 
positions  later,  and  so  they  can  share  the  microphone  which  has  been  provided  here  for 
their   use.   Your  cooperation  in  this  will  be  appreciated. 

Mr.  Wofford,  you  may  proceed. 

Chairman  T.  D.  Wofford:  Mr.  Vice  President,  members  of  the  Association  and 
guests: 

Committee  16  during  the  year  1963  was  actively  engaged  in  the  study  of  nine  very 
important  and  challenging  subjects.  Your  committee  is  reporting  on  four  of  these  as- 
signments in  detail  at  this  time.  The  reports  are  printed  on  pages  131  through  146  of 
Bulletin  581. 

Our  various  subcommittee  chairmen  and  members  have  worked  faithfully  through- 
out the  year  to  make  possible  these  reports  to  the  Association.  I  am  pleased  to  recog- 
nize their  efforts  at  this  time. 

Assignment  1 — Revision  of  Manual 

Chairman  Wofford:  Subcommittee  1  is  continuing  its  work  on  the  complete  revi- 
sion of  Chapter  16  of  the  Manual.  This  undertaking  was  begun  about  four  years  ago, 
and  is  probably  one  of  the  most  extensive  Manual  reorganization  projects  that  has  been 
attempted  in  recent  years.  Slightly  more  than  SO  percent  of  the  Manual  material  has 
been  revised  to  date. 

The  work  of  Subcommittee  1  is  under  the  leadership  of  R.  L.  Gray,  engineer  main- 
tenance of  way,  Great  Lakes  Region,  Canadian  National  Railways,  whom  I  shall  ask 
to  stand  and  be  recognized  at  this  time. 

Assignment  2 — Study  of  Methods  of  Analyzing  the  Economics  of  Rail- 
way Engineering  Projects  Designed  Primarily  to  Improve  the  Quality  of 
Transportation  Service 

Chairman  Wofford:  Subcommittee  2  recently  has  been  reorganized.  A  new  chair- 
man and  vice  chairman  were  appointed  in  January.  The  subcommittee  is  now  prepar- 
ing an  outline  which  will  list  and  summarize  the  various  methods  of  analyzing  the  eco- 
nomics of  "engineering  projects."  It  is  contemplated  that  this  outline  will  form  the  basis 
of  a  future  report  which  will  bring  out  the  strong  and  weak  points  of  the  various  meth- 
ods and  how  they  work. 

The  new  chairman  of  Subcommittee  1  is  T.  D.  Kern,  assistant  to  chief  engineer, 
Illinois  Central  Railroad,  and  I  ask  him  to  stand  and  be  recognized. 
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Assignment  3 — Determination  of  Maintenance  of  Way  Expense  Varia- 
tion with  Various  Traffic  Volumes  and  Effect  of  Using  Such  Variations,  in 
Terms  of  Equated  Mileage  or  Other  Derived  Factors,  for  Allocation  of 
Available  Funds  to  Maintenance  of  Way,  Collaborating  with  Committees 
11  and  22. 

Chairman  Wofford:  Your  subcommittee  last  year  submitted,  as  information,  a 
formula  for  estimating  variation  of  track-maintenance  cost  with  traffic  density.  Reaction 
has  generally  been  favorable,  with  some  inquiries  on  application  techniques.  Our  next 
step  is  to  evaluate  bridge  and  building  costs  and  communication  and  signal  costs  which 
the  subcommittee  finds  do  not  vary  in  the  same  proportion  as  track  costs. 

Work  on  the  assignment  is  continuing.  L.  E.  Ward,  senior  system  industrial  engi- 
neer, Pennsylvania  Railroad,  is  chairman  of  Subcommittee  3,  and  I  ask  him  to  stand 
and  be  recognized  at  this  time. 

Considerable  assistance  on  this  assignment  is  expected  from  the  results  of  a  current 
research  project  being  conducted  by  the  AAR  Research  Center  under  the  sponsorship  of 
Committee  16.  I  have  asked  A.  S.  Lang,  director  of  data  systems,  New  York  Central, 
and  vice  chairman  of  Committee  16,  to  brief  us  on  the  progress  of  the  research  project 
at  this  time.  Mr.  Lang  could  not  be  here  today,  so  I  shall  read  his  report. 

Chairman  Wofford  (for  Mr.  Lang) :  The  Illinois  Institute  of  Technology  Re- 
search Institute,  under  the  general  supervision  of  the  AAR  Research  Center  is  under- 
taking a  study  to  develop  workable  mathematical  models  that  will  relate  track  mainte- 
nance requirements  to  roadbed,  track,  and  traffic  characteristics.  As  the  project  moves 
into  its  second  year,  the  sources  of  data  havx  been  established  and  the  first  attempt  to 
analyze  these  data  is  about  to  get  underway. 

Detailed  data  on  maintenance  expenditures,  roadbed,  track  and  traffic  characteris- 
tics and  on  track  condition  are  being  furnished  by  two  roads,  the  Chesapeake  &  Ohio 
and  the  New  York  Central.  The  C&O  data  will  cover  42  carefully  chosen  test  miles. 
The  NYC  data  will  cover  that  road's  Michigan  lines  initially  and  large  parts  of  the 
entire  system  ultimately. 

In  both  ca.ses,  maintenance  expenditures  are  broken  down  into  about  150  detailed 
categories.  The  variation  in  expense  for  each  category  will  be  correlated  with  a  detailed 
description  of  the  track  that  includes  such  things  as  rail  weight,  tie  spacing,  ballast 
type,  etc.,  with  a  description  of  the  roadbed  that  includes  grade,  alignment,  subgrade 
condition,  etc.,  and  finally  with  such  factors  as  traffic  volume  and  speed. 

The  study  will  also  attempt  to  take  full  account  of  differences  in  track  condition, 
both  as  between  the  many  test  miles  involved  and  also  as  between  one  year  and  the 
next  during  the  life  of  the  study.  Records  generated  by  the  C&O  track  inspection  car 
will  be  used  to  monitor  the  test  miles  on  that  road.  It  is  hoped  that  arrangements  can 
be  made  on  the  Central  to  use  the  track  inspection  equipment  they  have  developed  to 
the  same  end. 

.\11  the  data  collected  for  this  study  will  be  put  into  machine-language  form  for 
manipulation  by  computer.  It  is  our  certain  expectation  that  we  will  learn  something 
more  from  this  study  than  we  now  know  about  the  relationships  between  maintenance 
costs  and   the   underlying   factors  which   made  these   costs  necessary. 
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Assignment  4 — Potential  Applications  of  Electronic  Computers  to  Rail- 
way Engineering  Problems  in  Research,  Design,  Inventory,  Etc.,  Collabo- 
rating with  Committees  11  and  30,  and  Informally  with  the  Railway  Systems 
and  Management  Association 

Chairman  Wofford:  Subcommittee  4  is  now  gathering  information  on  new  tech- 
niques involving  administration,  programming  and  utilization  which  have  significant 
promise  in  the  use  of  computers  by  engineers.  It  is  expected  that  the  information  will  be 
put  in  shape  for  a  progress  report  next  year. 

The  chairman  of  Subcommittee  4  is  L.  P.  Diamond,  Assistant  Engineer-Research, 
Chesapeake  and  Ohio  Railway,  whom  I  ask  to  stand  and  be  recognized. 

Assignment  5 — Methods  of  Reducing  Time  of  Freight  Cars  Between 
Loading  and  Unloading  Points,  Collaborating  with  Car  Service  Division, 
AAR,  Communication  and  Signal  Section,  AAR,  Operating-Transportation 
Division,  AAR,  and  American  Association  of  Railroad  Superintendents 

Chairman  Wofford:  W.  J.  Dixon,  director  of  industrial  engineering,  Baltimore  & 
Ohio  Railroad,  is  chairman  of  Subcommittee  5  and  will  present  the  report  on  this  as- 
signment. Mr.  Dixon. 

W.  J.  Dixon:  In  reviewing  the  problem  of  reducing  time  of  freight  cars  between 
loading  and  unloading  points  and  the  possible  engineering  methods  which  can  be  ap- 
plied to  the  solution  thereof.  Subcommittee  5  is  cognizant  of  the  importance  attached 
by  shippers  to  carload  transit  time.  In  its  current  report,  the  subcommittee  has  exam- 
ined some  general  factors  affecting  the  movement  of  cars,  both  loaded  and  empty.  An 
effort  was  made  to  identify  the  actual  and  potential  contribution  to  carload  transit  time 
of  physical  and  operational  changes  in  plant  and  equipment  undertaken  to  increase 
freight  train  speed  and  minimize  yard  detention. 

Briefly,  as  brought  out  in  the  report,  it  was  found  that  there  is  evidence  of  better- 
ment in  overall  car  transit  time  as  a  result  of  faster  average  freight  train  speeds  on  in- 
dividual railroads.  Improvement  is  exemplified  by  the  relationship  between  these  speeds 
and  the  number  of  serviceable  cars  required  on  line  per  million  gross  ton  miles  of  cars, 
contents,  and  cabooses,  as  well  as  by  the  corresponding  relationship  of  speed  to  car 
miles  per  serviceable  car  day.  Similarly,  car  miles  per  serviceable  car  day  were  found  to 
vary  inversely  with  yard  engine  activity  expressed  in  terms  of  car  miles  per  yard  en- 
gine hour. 

Looking  ahead  to  the  future  conduct  of  this  assignment,  it  is  the  consensus  of  the 
subcommittee  membership  that  the  greatest  opportunities  for  improving  carload  transit 
time  lie  in  the  area  of  systems  design  and  control  techniques.  The  subcommittee  there- 
fore proposes  to  develop  information  relative  to  measures  of  this  kind  which  have  been 
instituted  on  various  railroads  and  evaluate  the  results  produced.  The  subject  will  be 
approached,  in  effect,  from  an  industrial  engineering  standpoint.  Steps  are  also  being 
taken  to  effect  a  closer  working  relationship  between  the  subcommittee  and  the  other 
organizations  collaborating  on  the  assignment. 

Assignment  6 — Features  of  Economic  and  Engineering  Interest  in  the 
Study,  Design,  Construction  and  Operation  of  New  Railway  Line  Projects, 
or  Major  Line  Relocations,  Proposed,  in  Progress  or  Recently  Completed 

Chairman  Wofford:  H.  L.  Woldridge,  assistant  chief  engineer,  planning  and  schedul- 
ing, St.  Louis-San  Francisco  Railway,  is  chairman  of  Subcommittee  6.  I  shall  ask  him 
to  stand,  please, 
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Assignment  7 — Applications  of  Industrial  Engineering  Functions  to  the 
Railroad  Industry 

Chairman  Wofford:  G.  S.  Sowers,  research  engineer,  Industrial  Engineering  De- 
partment, Missouri  Pacific  Railroad,  is  chairman  of  Subcommittee  7  and  will  present  the 
report  on  this  assignment.  Mr.  Sowers. 

G.  S.  Sowers:   Mr.  President,  members  of  the  Association  and  guests: 
Our  initial  report  on  the  application  of  industrial  engineering  functions  to  the  rail- 
road industry  was  published  in  Bulletin  581.  The  intent  of  the  report  was  to  define  some 
of  the  terms  used  by  industrial  engineers.  The  definitions  are  classified  into  two  general 
headings — classical  and  modern. 

Under  classical  are  such  terms  as: 
Methods  engineering 
Production  measurement 
Planning,  forecasting  and  control 
Quality  control 
Plant  location  and  layout 
Inventory  control 

Some  of  the  modern  terms  are: 
Modeling 
Programming 
Queueing  theory 
Simulation 
Statistical  analysis 
Human  engineering 

Your  committee  will  be  reporting  in  subsequent  reports  on  those  areas  where  these 
techniques  and  methods  have  been  utilized,  and  the  results  of  such  utilizations. 

Assignment  8 — Innovations  in  Railway   Operations 

Chairma.n  Wuffurd:  .\.  L.  Sams,  assistant  chief  engineer,  Illinois  Central  Railroad, 
has  served  as  chairman  of  Subcommittee  8  for  several  years  and  will  present  the  report 
on  this  assignment.  Mr.  Sams  is  relinquishing  the  chairmanship  of  Subcommittee  8  at 
the  conclusion  of  this  Annual  Meeting,  and  I  wish  to  express  the  appreciation  of  the 
committee  for  his  efforts. 

Mr.  Sams,  will  you  please  give  your  report. 

A.  L.  Sams:  The  report  on  Assignment  8  covers  three  areas  of  innovations.  The 
first  part  relates  to  commuter  operations  and  describes  some  new  developments  at 
San  Francisco  and  New  York  City.  Of  the  $1  billion  construction  costs  for  the  pro- 
posed San  Francisco  Bay  Area  Rapid  Transit  Project,  80  percent  will  be  financed  by 
property  taxes.  It  is  apparent  that  the  people  in  San  Francisco  recognize  the  value  of  a 
rapid  transit  system  and  are  willing  to  pay  for  it.  This  project  offers  a  unique  oppor- 
tunity to  use  the  most  modern  equipment  and  operating  practices. 

The  two  experiments  in  New  York  City  are  designed  to  test  the  feasibility  of 
mechanized  commuter  operations.  One  is  a  crewlcss  shuttle  train  which  has  been  oper- 
ating for  2y2  years.  The  other,  which  will  be  in  operation  within  a  few  weeks,  will  test 
equipment  for  automatic  fare  collection. 

Transportation  is  an  important  factor  in  our  mass  production  system,  and  the  ele- 
ment of  time  in  transportation  is  of  great  significance.  The  administration  of  time  js 
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necessary  to  control  costs  ijy  ufficicnl  utilization  of  the  plant  and  to  provide  better  serv- 
ice by  adherence  to  schedules.  This  subject  is  covered  in  Part  2  of  the  report. 

Basic  principles  of  the  Critical  Path  Method  for  scheduling  enpineering  projects  is 
discussed  in  the  third  part.  Complete  coverage  of  this  subject  and  all  of  its  variations 
is  not  possible  in  a  report  such  as  this.  Our  purpose  is  to  present  this  subject  in  simple 
form  to  generate  interest  among  those  members  who  may  wish  to  explore  it  further. 

This  report  is  submitted  as  information. 

Assignment  11 — Review  of  Developments  in  New  Methods  and  Modes 
of  Transport 

Chairman  Wofford:  In  progressing  Assignment  11  your  committee  has  experienced 
some  overlapping  with  Assignment  8,  which  has  made  it  difficult  to  sustain  a  vigorous 
effort  in  both  areas.  Subcommittee  11  is  not  reporting  on  its  assignment  at  this  time, 
and  the  Board  Committee  on  Assignments  has  approved  the  consolidation  of  this  assign- 
ment with  Assignment  8. 

The  Committee  extends  its  appreciation  to  Frank  Richter,  publisher,  Modern  Rail- 
roads, for  his  efforts  as  subcommittee  chairman. 


If  there  are  questions  or  comments  concerning  the  reports  of  Committee  16,  we 
should  be  glad  to  have  them  directed  to  us  at  this  time.  With  the  exception  of  Assign- 
ment 11,  Committee  16  recommends  that  all  of  its  current  assignments  be  continued. 

Mr.  Chairman,  the  formal  report  of  Committee  16  is  now  terminated,  and  I  ask 
that  the  committee  members  excuse  themselves  from  the  platform  in  preparation  for  a 
special  feature  that  we  wish  to  present. 

It  is  my  pleasure  at  this  time  to  introduce  Tom  Shedd,  editor,  Modern  Railroads, 
who  has  graciously  agreed  to  act  as  moderator  for  a  panel  discussion  on  the  subject, 
"Industrial  Engineering  on  the  Railroads."  The  subject  is  very  timely,  and  we  have 
been  fortunate  in  securing  three  exceptionally  well  qualified  panelists  for  this  presenta- 
tion. In  order  to  preserve  as  much  time  as  possible  for  the  panel,  I  now  call  on  Mr. 
Shedd. 

Symposium— Industrial    Engineering    on    the    Railroads 

Tom   Shedd:    Thank  you,   Mr.   Chairman. 

Mr.  Burris  and  gentlemen: 

We  have  been  hearing  a  good  deal  lately  about  a  new  type  of  technical  man — the 
industrial  engineer.  So  far,  only  a  few  railroads  have  set  up  distinct  and  specific  indus- 
trial engineering  departments.  But  these  and  other  railroads  that  are  using  industrial  en- 
gineers have  reported  some  very  spectacular  achievements  and  some  large  dollar  savings. 

I  asked  one  railroad  industrial  engineer  how  these  savings  came  about.  He  said, 
"Through  better  methods,  more  efficient  utilization  of  manpower,  and  the  installation  of 
better  equipment." 

Well,  you  are  probably  saying,  "What's  new  about  that?  Isn't  that  how  we  always 
save  money?"  And  maybe,  if  you're  like  some  people  I've  talked  to,  you're  even  skepti- 
cal about  the  whole  idea  of  industrial  engineering. 

Is  IE  just  another  "gimmick" — one  of  those  "fads"  of  modern  management? 

How  can  an  industrial  engineer  possibly  be  of  any  help  to  the  engineering  and 
maintenance  of  way  function  on  a  railroad — a  department  that  already  has  plenty  of 
experienced  and  competent  engineers?  How  can  these  young  and  inexperienced  men  do 
anything  except  get  in  the  way  when  you're  trying  to  run  your  department? 
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Well,  I  won't  say  anything  about  the  youth  of  our  industrial  engineer  panelists  this 
afternoon,  but  they  are  by  no  means  inexperienced.  They  have  all  been  railroading  a 
long  time  and  are  well  known  to  most  of  you.  I  am  going  to  let  each  of  them  in  turn 
briefly  describe  the  industrial  engineering  function  on  his  road,  and  then  we  hope  you'll 
take  pot  shots  at  them  with  some  good  sharp  questions  from  the  floor. 

Our  first  panelist  is  H.  B.  Christianson.  Jr.  "Chris"  is  a  1943  civil  engineering  gradu- 
ate of  the  University  of  Illinois  with  an  MS  in  industrial  management  from  MIT  in 
19S3.  After  Army  service  he  was  a  field  engineer  for  the  Milwaukee  Road  three  years, 
and  staff  engineer  for  the  Santa  Fe  Railway  for  five  years.  Then  he  spent  six  years  with 
the  Rock  Island  as  division  engineer,  assistant  chief  engineer,  and  assistant  to  vice  presi- 
dent-operations. Then  after  a  year  as  division  manager  for  an  electric  utility,  he  joined 
Missouri  Pacific  in  1961  as  director  of  industrial  engineering.  For  most  of  his  15  years 
in  AREA  he  has  served  on  Committee  16,  three  years  as  chairman. 

H.  B.  Christunson,  Jr.:  Tom  Shedd,  my  friend  for  24  years,  asks  if  my  function 
is  a  "gimmick."  Only  a  true  friend  can  ask  such  a  question.  Tom  was  an  electrical  engi- 
neer, and  I  was  a  civil  engineer,  and  most  of  us  here  come  from  the  older  branches  of 
engineering.  Industrial  engineering  is  the  newest  engineering  science  in  railroading.  Our 
AREA  was  founded  in  1899;  but  the  American  Institute  of  Industrial  Engineers  is  just 
16  years  old. 

Only  a  few  railroads  have  industrial  engineering  groups;  the  U.S.  Steel  railroads 
were  first,  then  New  York  Central  about  5  years  ago,  then  Frisco,  Missouri  Pacific, 
B&O,  Soo  Line  and  Pennsylvania.  A  few  railroads,  such  as  the  Canadian  National,  use 
industrial  engineers  by  other  titles,  and  some  use  the  title  for  men  who  aren't. 

The  industrial  engineer  uses  skills  in  mathematics,  physical  and  social  sciences  to 
design  and  install  systems  of  men,  materials  and  equipment.  Perhaps  industrial  engi- 
neering was  conceived  two  centuries  ago  when  a  Frenchman  predicted  man-hours  re- 
quired for  manufacturing  pins.  But  the  science  wasn't  born  until  1903  when  Frederick 
Taylor  pioneered  a  method  for  designing  an  integrated  system  of  men,  materials  and 
equipment.  This,  and  a  book  published  eight  years  later  by  Frank  and  Lillian  Gilbreth, 
led  to  various  activities  called  motion  study,  work  simplification,  scientific  management, 
and  so  on,  in  places  such  as  railroad  shops,  utilities  and  retail  stores.  Then  came  the 
so-called  "efficiency  experts."  Unlike  Taylor  and  Gilbreth  and  today's  IE,  they  were 
superficial  and  narrow.  They  drew  opposition.  For  example,  in  1917  the  U.S.  Congress 
added  to  an  appropriations  bill  a  rider  outlawing  the  use  of  time  study  in  government 
establishments.  This  rider  last  appeared  in  1948.  But  by  then,  industrial  engineering  was 
firmly  set  in  some  industries,  especially  those  using  wage  incentives. 

If  you  suppose  industrial  engineering  overlaps  other  branches  of  engineering,  you 
are  correct.  No  branch  is  independent.  Civil  engineers  should  learn  the  techniques  of 
lE's,  ME's  and  EE's.  And  industrial  engineers  should  not  become  so  preoccupied  with 
their  own  techniques  that  they  overlook  other  engineering  fundamentals.  If  the  IE  is 
different  it  is  that  he  (1 )  tries  to  analyze  the  total  problem,  (2)  fits  nieit  into  the  solu- 
tion, and  (3)  predicts  economic  results.  Of  course  the  IE  has  special  tools,  but  none  are 
secret,  and  he  wants  more  ix'oplc  to  examine  his  tool  kit.  Most  of  you  won't  find  any 
real  surprises  in  flow  diagrams,  linear  programs,  simulation,  qucucing  theory  and  work 
sampling.  These  techniques  are  important  in  modern  railroading.  And  IE  technology  is 
useful  in  almost  every  railroad  function,  as  you  will  .see  by  a  glance  at  the  chart  in 
Committee  24's  fine  recruiting  brochure. 

Missouri  Pacific  organized  its  IE  division  in  June  \')()l .  \\v  now  have  17  employees 
in  St.  Louis  and  one  in  Ft.  Worth.  Most  of  us  are  graduate  industrial  engineers,  and  all 
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of  us  regularly  train  and  re-train  in  the  techniques.  Vice  President-Purchases  Hoff- 
meister  administered  us  until  a  week  ago  when  we  began  reporting  to  Assistant  to  the 
President  Maurer.  Eighty  percent  of  our  work  is  for  Vice  President-Operations  Lloyd. 
By  that  I  mean  transportation,  maintenance  of  way,  maintenance  of  equipment,  com- 
munications, and  truck  transport.  Anyone  can  suggest  a  project,  but  most  of  our  work 
is  assigned  by  department  heads,  some  by  President  Jenks,  who  is  a  graduate  industrial 
engineer. 

Our  functions  lie  in  the  usual  IE  categories: 

1.  Methods  engineering,  which  embraces  time  study,  motion  study,  and  standards. 

2.  Production  planning 

3.  Plant  layout 

4.  Materials  handling 

5.  Costing 

6.  That  elusive  super-category,  Operations  Research. 

You  may  have  heard  about  some  of  our  projects:  semi-automation  of  a  freight 
house,  major  revisions  to  a  freight  car  shop,  last-minute  changes  in  design  of  a  coach 
yard,  and  design  of  a  system  for  controlling  5,000  custom  cars.  The  annual  savings  on 
projects  in  which  we  assisted  and  in  which  a  recommendation  for  change  was  approved 
was  about  10  times  the  cost  of  the  IE  Division.  A  3  to  1  ratio  probably  is  adequate. 

Chief  Engineer  Baker  and  Engineer  Maintenance  of  Way  Carpenter  have  given  the 
IE  Division  several  assignments.  As  a  result  of  one,  they  improved  the  distribution  and 
pickup  of  welded  rail.  In  another,  they  reorganized  an  under-track  plow  operation.  And 
we  carefully  analyzed  the  economics  of  concrete  and  timber  bridges.  Most  interesting 
was  a  two-week  surfacing  test  last  month  which  proved  a  theory  that  following  a  jack 
tamper,  two  of  our  production  tampers  were  better  than  one.  This  was  a  problem  of 
production-line  balancing.  We  analyzed  the  output  of  each  man  and  machine.  By  com- 
bining the  elements  correctly,  production  increased  almost  SO  percent. 

In  summary,  Tom,  the  industrial  engineer  has  an  important  role  in  the  transporta- 
tion industry,  and  rounds  out  the  management  team. 

Mr.  Shedd:   Thank  you,  Chris. 

Our  next  speaker  is  William  J.  Dixon,  director  of  industrial  engineering  for  the 
Baltimore  &  Ohio.  A  native  of  Pittsburgh,  Bill  received  his  BS  degree  from  Carnegie 
Institute  of  Technology  in  1940,  and  an  advanced  degree  in  Transportation  from  Yale 
University  the  following  year. 

During  World  War  II  he  served  as  an  officer  in  the  military  railway  service  in  the 
United  States  and  in  Iran,  and  as  assistant  to  the  chief  of  railroad  transportation  with 
the  U.  S.  mihtary  government  in  Korea.  During  the  Korean  war  he  was  recalled  to  active 
duty  at  the  Army's  Transportation  Research  and  Development  Station  at  Fort  Eustis,  Va. 

Mr.  Dixon  joined  the  B&O  in  1948  as  special  engineer  in  the  operating  department. 
In  19SS  he  became  deputy  supervisor,  methods  research  engineering,  and  subsequently 
served  as  research  engineer  in  B&O's  Research  and  Development  Department,  and  as 
industrial  engineer  on  the  staff  of  the  vice  president,  operations  and  maintenance.  He 
has  held  his  present   post   since  January   1962.  Mr.  Dixon. 

W.  J.  Dixon:  Industrial  engineering  as  practiced  on  the  Baltimore  and  Ohio  Rail- 
road embraces  a  wide  range  of  planning  and  analytical  functions  concerned  with  the 
effective  use  of  the  company's  human  and  material  resources.  The  Industrial  Engineering 
Department  is  organized  in  part  to  serve  in  a  consulting  capacity,  on  request  or  by  as- 
signment, to  all  other  departments  of  the  company.  Consequently  our  personnel,  all  of 
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whom  are  headquartered  at  Baltimore,  have  educational  backgrounds  and  experience 
not  only  in  industrial  engineering  but  also  in  other  kinds  of  engineering  (notably  civil), 
mathematics,  economics,  business  administration,  and,  of  course,  railroad  transportation. 
There  are  presently  17  people  in  the  department,  and  in  the  organizational  structure, 
we  report  directly  to  the  President. 

The  types  of  activity  in  which  the  Industrial  Engineering  Department  is  engaged 
include  (1)  the  design  of  controls  for  organizational  and  operational  processes,  (2)  the 
economic  evaluation  of  projects,  programs,  and  operations,  (3)  the  application  of  work 
scheduHng  methods  and  standards  of  performance  to  such  areas  as  yard  and  terminal 
operations,  (4)  the  development  of  new  techniques  to  improve  utilization  of  equipment 
and  facilities,  and  (5)  the  analysis  of  practices  and  procedures  employed  in  various  pro- 
ductive functions. 

It  should  be  emphasized  that  the  Industrial  Engineering  Department  does  not  work 
in  a  vacuum  or  prepare  reports  to  be  read  and  shelved.  All  projects  undertaken  by  the 
department  are  closely  coordinated  with  all  other  interested  departments  and  in  many 
cases  are  actually  carried  out  jointly.  Results  must  provide  an  adequate  basis  for  deci- 
sion and  action  by  management.  With  particular  reference  to  the  railroad's  Engineering 
Department,  industrial  engineers  have  played  two  roles  to  date  (1)  in  the  development 
of  production  standards  for  the  system  welded  rail  laying  operations  and  (2)  in  bringing 
together  and  resolving  divergent  interests  affecting  engineeering  projects  with  inter- 
departmental or  company  policy  implications.  In  respect  of  the  latter,  the  Industrial  En- 
gineering Department  must  frequently  review  and  evaluate  various  alternatives  and  ob- 
tain acceptance  by  all  concerned  of  that  alternative  most  likely  to  make  the  maximum 
contribution  to  net  income. 

Some  examples  of  industrial  engineering  projects  on  the  B&O  include: 

(1)  Determination  of  the  most  appropriate  locations  for  the  installation  of  hot 
box  and  dragging  equipment  detectors. 

(2)  Development  of  a  mechanized   reporting  system   for  use  in  distributing  and 
appraising  the  use  of  specially  equipped  or  assigned  freight  cars. 

(3)  Analysis  and  revision  of  the  organizational  structure  of  several  departments. 

(4)  Development  of  programs  for  the  future  conduct  of  the  following  activities: 

(a)  System  scrap  handling 

(b)  Warehouse  operations   (conducted  by  subsidiaries) 

(c)  Car  part  fabrication 

(d)  Company  vehicle  administration 

(5)  Development  of  equipment  requirements  and  related  acquisition  programs. 

(6)  Facility  planning  as  related  to  changes  in  operating  practices  and  marketing 
concepts. 

Mr.  Siikod:  Thank  you,  Bill.  It  looks  like  you  and  your  associates  have  a  wide  field 
of  activity  on  the  B&O. 

Our  final  panelist  is  Harry  J.  Fast,  of  the  Canadian  National.  Harry  is  a  graduate 
of  the  University  of  Sa.skatchevvan,  from  which  he  received  a  BS  in  geology.  Prior  to 
World  War  II  he  worked  in  various  capacities  in  hard  rock  mines,  up  to  and  including 
geologist  and  mining  engineer. 

Since  1942  his  entire  career  has  been  in  railroading.  He  has  held  positions  as  instru- 
mentman,  division  engineer,  district  engineer,  engineer  maintenance  of  way,  and  a.s.sistant 
chief  engineer-system  for  the  Canadian  National. 

Hull.  .%Ne 
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In  1950  he  joined  Canadian  National's  Department  of  Research  and  Development 
as  coordinator  of  work  study,  concerned  with  the  introduction  of  work  study  (industrial 
engineerlnfi)   in  all  functions  of  the  railway. 

In  1962  he  became  manager  of  the  Assiniboine  area.  In  this  job  he  is  in  charge 
of  the  whole  works — operations,  sales,  accounting  and  labor  relations — in  his  territory. 

H.  J.  Fast:   Thank  you,  Tom. 

On  Canadian  National  we  have  introduced  the  industrial  engineer  to  all  functions 
of  the  railway.  Because  it  was  difficult  to  sell  the  term  "engineer"  to  all  functional  sec- 
tions (e.g.  sales,  accounting),  we  named  the  program,  as  a  whole,  "Work  Study."  Where 
there  is  work,  it  should  be  studied.  Employees  concerned  with  this  activity  are  work 
study  officers  and  analysts.  They  are  recruited  from  and  trained  within  the  company 
as  much  as  possible. 

A  simple  definition  for  "work  study"  is:  "A  critical  and  intensive  examination  of 
the  work  process,  with  a  view  to  improved  methods  of  operation  so  as  to  make  more 
effective  use  of  plant,  equipment  and  people."  To  accomplish  this,  personnel  is  trained 
in  industrial  engineering  techniques,  such  as  methods  analyses,  plant  layout,  materials 
handling  and  work  measurement.  The  focus  of  the  work  study  organization  is  to  assure 
management  that  decisions  are  based  on  what  is  known  to  be  true,  rather  than  on  what 
is  believed  to  be  true.  Today,  where  work  processes  involve  heavy  capital  expenditures 
and  complex  procedures,  we  no  longer  can  depend  on  opinion  based  on  experience; 
we  must  have  facts. 

To  introduce  an  industrial  engineer  who  will  question  every  work  process  is  not 
easy.  We,  in  CN,  have  had  our  share  of  personnel  clashes  and  all  that  goes  with  it. 
We  made  slow  progress  until  we  started  to  conduct  appreciation  seminars  for  super- 
visory and  senior  personnel.  The  subsequent  planning  of  work,  with  a  meeting  of  minds, 
revealed  that  we  had  a  long  way  to  go  if  we  were  to  exhaust  our  potential  in  providing 
and  maintaining  a  plant  for  all  railway  activity  at  a  reduced  cost.  Time  does  not  per- 
mit me  to  elaborate,  but  I  may  be  able  to  illustrate  what  I  mean  in  referring  to  one 
phase  of  engineering  activity. 

Generally  speaking,  we  design  office  buildings,  freight  sheds,  locomotive  shops,  etc., 
based  on  existing  work  practices,  coupled  with  the  latest  body  of  knowledge  in  methods. 
When  that  structure  is  finished,  all  work  within  it  must  be  done  as  efficiently  as  we 
know  how.  However,  design  engineers  are  not  trained  professionally  in  production 
techniques.  They  depend,  to  a  large  extent,  in  connection  with  the  requirements  for 
such  a  facility,  on  information  given  them  by  supervisors  and  officers,  who  are  also  not 
professionally  trained  in  work  processes.  Hence,  the  result  is  one  of  compromise  and, 
although  a  better  facility  than  before,  it  is  not  good  enough.  The  approach  should  be 
something  like  this:  A  qualified  production  team  should  determine:  (1)  what  work 
will  be  done  in  this  structure,  (2)  who  should  do  it,  (3)  how  should  it  be  done, 
(4)  what  equipment  will  be  required,  (5)  how  long  will  the  facility  be  required,  etc. 
When  all  this  has  been  resolved,  then  comes  the  time  for  the  design  man  to  put  a  skin 
around  it  to  keep  out  the  foul  weather  and  retain  inside  the  good  weather. 

Mr.  Shedd:   Thank  you,  Harry. 

I  think  you  can  see  from  our  three  presentations  that  while  lEs  may  be  simply 
making  better  use  of  manpower  and  putting  modern  methods  and  better  materials  into 
use,  there  is  quite  a  difference  in  the  way  they  do  it  from  the  traditional  approach  to 
this  sort  of  thing. 

I  have  been  led  to  believe  that  you  have  some  questions  to  ask  our  three  panelists, 
so  I  shall  now  open  the  meeting  to  any  discussion  that  anyone  may  care  to  start. 
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L.  E.  Ward  [Pennsylvania  Railroad):  I  should  like  to  ask  Mr.  Fast  if  he  would 
care  to  elaborate  on  how  the  industrial  engineer  can  contribute  to  the  design  and 
construction  of  an  office  building. 

Mr.  Fast:  Briefly,  before  you  build  a  relatively  large  building  that  is  going  to  house 
quite  a  number  of  people  with  different  jobs  to  perform,  a  study  should  be  made  of 
the  work  that  is  going  to  be  done  there,  how  that  work  is  to  be  done,  and  any 
improvements  that  might  be  introduced. 

In  other  words,  you  build  a  model  of  the  activities  that  arc  going  to  be  carried  on 
inside  the  building,  keeping  in  mind  that  things  change  in  this  day  and  age  very  quickly. 
Whatever  model  you  construct,  it  might  have  to  be  changed  in  one,  five  or  ten  years, 
but  at  least  you  have  something  to  go  on. 

Once  you  have  constructed  your  systems  and  procedures  model,  then  you  join  hands 
with  the  architect  and,  as  I  said  in  my  brief  remarks,  you  put  a  skin  around  it  to  keep 
out   the   weather. 

Too  frequently  we  find  that  we  can  get  a  cheap  building  and  we  try  to  fit  a  group 
of  people  into  it  according  to  the  floor  space  that  is  available,  which  is  not  very  efficient. 

L.  P.  Diamond  [C&O-B&O]:  Mr.  Fast,  you  said  the  work  process  should  be 
designed  before  the  structure  is  put  around  it.  I  thought  this  had  already  been  done 
in  many  instances  and  there  are  some  very  efficient  plants  in  existence. 

Mr.  Fast:  That  is  quite  true.  As  has  been  said  here  earlier,  this  system  of  approach- 
ing our  various  problems  is  not  necessarily  new.  There  is  quite  a  body  of  knowledge  in 
this  field  now,  and  a  lot  of  industries  are  using  it ;  but  during  the  time  I  was  involved 
in  training  work  study  people  we  visited  many  plants  and  we  found  that  not  always 
was  this  so. 

J.  J.  Schmidt  [Denver  &  Rio  Grande  Western]:  I  have  two  somewhat  related 
questions.  First,  in  setting  up  an  IE  department,  in  the  panel's  opinion  should  we  start 
with  the  industrial  engineer  and  teach  him  the  railroad  business,  or  should  we  start 
with  the  engineer  who  has  already  had  railroad  experience,  and  teach  him  industrial 
engineering? 

Secondly,  in  setting  up  the  organization,  what  is  the  panel's  view  on  having  one 
industrial  engineering  department  (as  I  believe  exists  on  the  Missouri  Pacific  Railroad), 
or  can  each  department  have  one  or  two  men  assigned  to  this  type  of  work  and  function 
adequately  ? 

Mr.  Shedd:  Let's  have  Chris  comment  on  that  first,  and  then  perhaps  Bill  and 
Harry  will  want  to  add  something. 

Mr.  Christianson:  I  really  think  it  is  easier  to  start  with  the  industrial  engineer 
and  teach  him  railroading.  The  techniques  he  uses  are  applicable  not  just  to  railroads  but 
to  many  other  industries,  and  we  aren't  so  different  from  them,  are  we. 

As  to  your  second  question,  perhaps  I  shall  have  to  defend  our  own  system.  But  if 
you  design  bridges  and  buildings,  transportation  schedules,  systems  and  procedures,  and 
modify  cars,  reorganize  divisions,  etc.,  at  the  district  level,  then  by  all  means  you  should 
employ  industrial  engineers  at  the  district  level.  Such  decentralization  perhaps  is  the 
result  of  poor  communications. 

We  on  the  Missouri  Pacific  think  the  industrial  engineering  functions  should  be 
centralized.  While  it  would  be  fine  to  have  industrial  engineers  in  all  other  departments 
• — and  incidentally  we  have  promoted  several  of  our  lEs  to  other  functions  on  the  rail- 
road— we  think  that  we  need  a  certain  amount  of  "group  therapy."  We  try  not  to 
develop  specialists  among  ourselves,  even  though  we  gravitate  that  way. 
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Thus,  the  man  who  is  skillful  in  freighthouse  design  or  maintenance  of  way,  can 
still  get  inspiration  and  ideas  from  others.  I  do  think  we  will  do  the  most  when  organized 
into  one  central  group. 

Mr.  Shedd:   Do  you  other  two  gentlemen  care  to  comment  briefly  on  this  point? 

Mr.  Dixon:  Just  one  or  two  comments.  With  respect  to  the  first  question  as  to 
which  it  would  be  easier  to  do — to  train  a  railroad  engineer  in  industrial  engineering 
or  vice  versa  I  think  there  is  something  to  be  said  for  both  sides;  and  if  you  have  a 
large  enough  group  and  work  those  who  have  primarily  the  IE  training  with  those 
who  have  a  railroad  background — in  many  cases  you  will  get  an  almost  ideal  com- 
bination ;  with  two  viewpoints  and  two  methodologies,  such  a  combination  will  come 
up  with  some  very  interesting  solutions  to  problems  and  approaches  to  productive 
processes  under  examination. 

Regarding  the  second  question,  perhaps  I  must  also  defend  our  own  position,  but 
there  are  things  to  be  said  for  the  other  approach — that  is,  having  lEs  assigned  to  the 
staffs  of  individual  departments,  instead  of  having  a  centralized  IE  department. 

This  depends  to  some  extent  on  the  size  of  the  railroad,  the  magnitude  of  the  work 
involved,  and  so  on.  However,  when  you  do  have  a  centralized  department  I  think 
you  can  still  perform  in  many  cases  in  much  the  same  way  as  when  you  have  an  IE 
assigned  to  an  individual  department.  We  have  some  people  who  work  almost  full  time 
in  other  departments,  but  they  are  still  members  of  our  department.  Also,  in  many 
cases,  by  having  a  centralized  department  we  are  able  to  overlap  departmental  boun- 
daries when  this  becomes  necessary,  which  the  staff  IE  within  a  department  is  not  able 
to  do  as  readily. 

Mr.  Fast:  I  can  say  briefly  what  we  did  on  the  Canadian  National.  I  believe  in  a 
centralized  organization.  We  put  the  work  study  people  into  the  research  and  develop- 
ment department  because  that  department  can  reach  out  into  other  departments.  So, 
that  was  the  logical  place  to  put  them. 

We  went  beyond  that  and  established  a  coordinator  of  work  study  in  industrial 
engineering  in  each  region.  Under  him  there  is  a  team  assigned  to  the  different  functions 
in  the  region.  These  people  in  the  region  do  not  go  into  the  sophisticated  operational 
types  of  programs.  They  concern  themselves  with  the  day-to-day  analyses  of  that 
which  is,  rather  than  that  which  is  going  to  be. 

They  are  closer  to  the  field,  and  are  the  right  or  left  bower,  so  to  speak,  to  the 
regional  chief  engineer,  chief  of  motor  power,  transportation,  and  so  on.  We  think  it  is 
working  out  fine.  The  people  are  getting  to  know  each  other  and  are  starting  to  work 
together. 

Mr.  Shedd:  Thank  you.  I  am  afraid  we  are  exceeding  our  time  limit.  As  much  as 
I  would  hke  to  entertain  further  questions,  I  am  afraid  we  shall  have  to  stop  now. 

This  is  a  broad  subject,  and  our  time  has  been  limited.  We  hope  you  have  found 
this  little  discussion  somewhat  useful.  If  you  have  other  questions  (and  I  am  sure  many 
of  you  probably  do),  I  know  our  panelists  will  be  glad  to  talk  with  you  personally 
after  this  session. 

I  want  to  thank  our  panelists  for  being  with  us  today,  and  I  thank  you  for 
listening. 

Mr.   Burris  and  Mr.  Wofford,  this  concludes  our  presentation.    [Applause] 


Chairman  Wofford:  Committee  16  wishes  to  express  its  appreciation  to  Mr.  Shedd, 
Mr.  Christianson,  Mr.  Dixon  and  Mr.  Fast  for  their  participation  in  this  discussion. 
We  hope  you  have  found  the  discussion  enlightening  and  interesting. 


Discussion 727 

Mr.  Vice   President,   this   concludes   the   presentation   of  Committee   16.    [Applause] 

Vice  President  Burris:  Thank  you,  Mr.  Wofford,  for  another  group  of  interestinR 
and  informative  reports  from  your  committee,  and  for  the  very  interesting  symposium 
conducted  on  this  relatively  new  and  rapidly  expanding  concept  of  industrial  engineering 
on  the  railroads. 

With  the  broad  scope  of  activity  and  responsibility  being  given  these  newer  depart- 
ments or  groups,  I  am  sure  we  can  all  profit  through  learning  of  their  methods  and 
procedures  and  the  results  they  are  accomplishing.  We  hope,  therefore,  that  along  with 
all  of  its  other  work  your  committee  will  keep  us  informed  with  regard  to  at  least  the 
most  significant  developments  in  this  field. 

Thank  you  again,  Mr.  Wofford.  Your  committee  is  now  excused  with  the  thanks  of 
the  Association.   [Applause] 

[President   Loggins   resumed   the   chair] 

President  Loggins:  The  registration  at  4:45  pm  today  was  496  railroad  men  and 
297   non-railroad  men,   totaling   793. 

Discussion  on  Cooperative  Relations  with  Universities 

[For   Report,   see   Bulletin   593,   pages  345-354] 

President  Loggins:  The  last  of  our  committees  to  report  today  is  Committee  24 — 
Cooperative  Relations  with  Universities,  the  chairman  of  which  for  the  past  year  has 
been  J.  F.  Davison,  assistant  to  chief  engineer,  Canadian  National  Railways,  at  Montreal. 

Mr.  Davison,  if  you  and  the  members  of  your  committee  will  please  come  to  the 
speaker's  table,  I  shall  be  glad  to  turn  the  microphone  over  to  you.  Assuming  that 
several  of  your  subcommittee  chairmen  will  present  reports,  I  shall  appreciate  their 
taking  places  as  near  the  podium  as  possible. 

Mr.   Davison,  you   may   proceed. 

Chairman  J.  F.  Davison:   Mr.  President,  members  and  guests: 

As  part  of  the  functions  of  Committee  24,  a  member  is  assigned  to  represent  A.^R- 
AREA  on  the  Relations  with  Industry  Division  of  the  American  Society  for  Engineering 
Education.  We  are  fortunate  this  year  in  having  as  our  representative  to  ASEE  the 
Vice  Chairman  of  Committee  24,  Mr.  R.  H.  Beeder. 

Before  proceeding  with  the  report  on  Committee  24's  specific  assignments,  I  should 
like  to  ask  Mr.  Beeder  to  report  on  the  activities  of  ASEE  during  the  past  year. 
Mr.  Beeder. 

R.  H.  Beeder:  The  7lst  .Annual  Meeting  of  the  American  Society  for  Engineering 
Education  was  held  in  Philadelphia  on  the  campus  of  the  University  of  Penn.sylvania 
from  June  17  to  21,  1963.  This  meeting  was  unique  in  that  it  had  four  educational 
institutions  jointly  acting  as  hosts — the  University  of  Pennsylvania,  Drexel  Institute  of 
Technology,  Villanova  University,  and  Swarthmore  College. 

The  -American  Society  for  Engineering  Education  is  an  organization  of  substantial 
size  with  an  individual  membership  of  about  11,000  and  with  an  institutional  member- 
ship of  about  500.  Included  in  the  institutional  membership  are  a  number  of  industrial, 
associate   and   affiliate   members. 

The  program  theme  for  this  meeting  was,  "F.ducation  for  the  Future — Our  .•\mcrican 
Heritage."  That  theme  stressed  the  fact  that  .American  civilization  as  we  know  it  today 
rests  to  a  great  extent  on  a  technological  base.  This,  in  turn,  has  depended  on  the  edu- 
cation that  opened  the  path  to  the  technological  achievements  that  have  made  this 
country  great. 
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Of  particular  interest  to  us  as  members  of  the  AREA  is  the  Relations  With  Industry 
Division  (RWI)  of  the  American  Society  for  Engineering  Education.  The  Relations 
With  Industry  Division  was  formed  in  1946  to  provide  liaison  within  the  ASEE  between 
engineering  educators  and  American  industry.  It  is  the  group  in  ASEE  that  directly 
serves  this  function  and  provides  an  opportunity  to  have  discussion  of  mutual  accom- 
plishments, objectives  and  problems.  A  number  of  the  meetings  at  Philadelphia  were 
sponsored  by  the  RWI  Division  and  the  interest  and  attention  at  those  meetings  were 
apparent.  This  was  particularly  true  of  the  "orientation  meeting"  which  was  attended 
by  more  than  150  representatives  from  industry  and  the  educational  field. 

Also  worthy  of  note  was  a  well  organized  and  almost  continuous  program  for  show- 
ing scientific  motion  pictures.  These  motion  pictures  were  shown  in  a  separate  studio 
and  programmed  for  showing  four  or  five  different  times  so  that,  in  most  cases,  one 
showing  could  be  selected  by  each  individual  so  as  to  fit  into  his  schedule.  Altogether 
there  were  more  than  60  motion  pictures  of  an  educational  and  technical  nature.  Per- 
haps this  type  of  scientific  motion  picture  program  might  be  worthy  of  consideration 
by  the  American  Railway  Engineering  Association. 

The  Relations  With  Industry  Division  of  the  ASEE  and  its  meetings  at  widespread 
locations  each  year,  constitute  an  excellent  opportunity  for  engineering  educators  and 
people  from  the  railway  and  other  industries  to  get  together  and  work  toward  the  solu- 
tion of  their  mutual  problems.  The  next  meeting  of  the  RWI  Division  will  be  held  in 
connection  with  that  Society's  annual  meeting  to  be  held  at  the  University  of  Maine 
during  the  period  from  June  22  to  26  this  year. 

Chairman  Davison:  Thank  you,  Mr.  Beeder,  for  your  comments  on  the  activities 
of  ASEE  during  the  past  year.  From  personal  experience  I  know  some  of  the  problems 
associated  with  representing  AAR-AREA  on  the  RWI  Division  of  ASEE,  and  it  is  with 
this  knowledge  that  I  wish  to  express  the  appreciation  of  Committee  24  for  your  efforts 
on  our  behalf. 

In  proceeding  with  the  report  of  Committee  24's  activities,  I  would  point  out  that 
pages  345-354,  incl.,  of  Bulletin  583,  contain  the  record  of  progress  on  its  eight 
assignments. 

Assignment  1 — Stimulate  Greater  Appreciation  on  the  Part  of  Railway 
Management  of  (a)  the  Importance  of  Bringing  into  the  Service  Selected 
Graduates  of  Colleges  and  Universities  and  (b)  the  Necessity  of  Providing 
Adequate  Means  for  Recruiting  Such  Graduates  and  Retaining  Them  in 
Service 

Chairman  Davison:  As  chairman  of  this  subcommittee  for  the  past  year,  I  wish 
to  express  my  appreciation  for  the  cooperation  extended  by  all  railroads  in  distributing 
the  questionnaires  sent  to  them  for  completion  by  engineering  graduates  on  their  staff. 
Coding  the  more  than  2,000  completed  questionnaires  presented  a  problem  which  was 
solved  only  with  the  assistance  of  the  entire  membership  of  Committee  24. 

I  would  like  to  take  this  opportunity  to  record  my  appreciation  for  their  assistance 
to  Subcommittee  1.  It  had  been  hoped  that,  through  the  use  of  punch  cards,  an  analysis 
could  be  presented  to  this  meeting,  but  unfortunately  the  assignment  has  not  reached 
this   stage. 

Effective  with  this  present  meeting,  the  chairmanship  of  Subcommittee  1  will  be 
undertaken  by  A.  V.  Johnston,  chief  engineer,  Canadian  National,  who  has  been  an 
active  member  of  Committee  24  in  addition  to  his  other  AREA  responsibilities.  Will 
Mr.  Johnston  please  rise. 
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Assignment  2 — Stimulate  Among  College  and  University  Students  a 
Greater  Interest  in  the  Science  of  Transportation  and  Its  Importance  in  the 
National  Economic  Structure  by:  (a)  Cooperating  with  and  Contributing 
to  the  Activities  of  Student  Organizations  in  Colleges  and  Universities,  and 
(b)  Presenting  to  Students  and  Their  Counselors  a  Positive  Approach  to 
the  Attractive  and  Interesting  Features  of  the  Railroad  Industry  and  the 
Advantages  of  Choosing  Railroading  as  a  Career 

Chairman  Davison:  Professor  B.  B.  Lewis,  Purdue  University,  is  chairman  of 
Subcommittee  2,  and  I  should  like  to  ask  him  to  present  his  report  at  this  time. 

Professor  B.  B.  Lewis:  Your  committee,  with  the  cooperation  of  the  railway  indus- 
try, AREA  members,  and  the  secretary's  office  has  continued  furnishing  speakers  to 
student  organizations  at  various  universities.  During  the  past  year  talks  were  given 
at  13  universities,  three  in  the  East,  two  in  the  Southwest,  four  in  the  South,  and  four 
in  the  Midwest.  The  railroad  industry  further  extended  its  cooperation  by  arranging 
for  inspection  of  railroad  property  by  students  and  in  providing  exhibits  at  an  open 
house  at  one  university.  At  a  request  from  another  university  the  office  of  the  executive 
secretary  prepared  a  photographic  railroad  exhibit  to  be  displayed  at  an  engineering 
show.  During  the  coming  year  your  committee  expects  to  offer  this  exhibit  for  presenta- 
tion at  similar  shows  and  for  exhibits  at  college  campuses  when  requested. 

During  the  past  year  the  Association  had  46  Student  Affiliates  on  23  college 
campuses. 

On  behalf  of  Subcommittee  2  I  wish  to  take  this  opportunity  to  thank  the 
railway  industry,  and  members  and  officers  of  the  AREA  for  their  assistance  in  this 
program. 

Chairman  Davison:  May  I  add  my  own  comments  to  Professor  Lewis's  report. 
This  is  one  sphere  where  railroad  members  can  be  of  great  help  to  the  industry  in  its 
efforts  to  attract  university  graduates  into  its  employ.  Comments  from  the  universities 
at  which  railway  speakers  have  been  provided  have  indicated  that  this  is  a  very  worth- 
while effort.  It  reflects  credit  on  the  speakers  who  have  taken  part,  and  indicates  that 
even   greater   efforts  should   be   made   to   take  advantage   of  every   opportunity   offered. 

Assignment  3 — The  Cooperative  System  of  Education,  Including  Sum- 
mer Employment  in  Railway  Service 

Chairman  Davison:  VV.  A.  Oliver,  professor  of  civil  engineering  at  the  University 
of  Illinois,  chairman  of  Subcommittee  3,  unfortunately  is  unable  to  be  present.  Conse- 
quently, I  have  asked  J.  F.  Pearce,  office  engineer,  Western  Pacific  Railroad,  to  present 
his  report  for  him. 

J.  F.  Pearce  (for  Professor  Oliver):  In  fulfilling  its  assignment  in  1963  the  sub- 
committee followed  essentially  the  .same  procedures  u.sed  in  preceding  years.  A  question- 
naire was  sent  to  the  chief  engineering  and  maintenance  officers  of  the  railroads  in 
February  requesting  information  concerning  their  summer  employment  needs.  The 
replies  to  the  questionnaire  were  returned  to  the  subcommittee  chairman,  the  informa- 
tion was  tabulated,  reproduced  in  Secretary  Howard's  office,  and  sent  to  some  125 
engineering  colleges  on   March   28. 

As  a  result  of  this  annual  cooperative  venture  many  embryo  engineers  have  obtained 
their  first  introduction  to  railroad  work,  and  some  have  now  become  permanent  em- 
ployes. Furthermore,  the  project  has  shown  these  young  men  that  there  are  excellent 
opportunities  for  an  engineering  career  in  the  railway  field,  thus  increasing  the  interest 
of  the  engineering  colleges  in  encouraging  this  type  of  employment  among  their  students. 
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Summer  employment  also  gives  the  railroads  an  opportunity  to  observe  the  boys  and 
determine  whether  or  not  they  want  to  offer  them  employment  after  they  graduate. 
It  should  be  added  that  any  activity  of  this  kind  is  in  the  direction  of  good  public 
relations. 

It  should  be  re-emphasized  that  the  number  of  college  students  given  summer 
employment  by  the  railroads  as  a  result  of  this  Committee  24  project  constitutes  only 
a  small  part  of  the  total  number  employed.  Many  railroads  have  for  a  long  period  of 
time  recruited  summer  employees  either  directly  from  the  campuses  along  their 
properties  or   through   cooperative   programs  with   engineering  colleges. 

Committee  24  wishes  to  take  this  opportunity  again  to  thank  the  railroads  for  the 
interest  they  have  shown  by  helping  to  carry  on  this  project  during  the  past  several 
years.  The  program  is  being  continued  this  year,  and  the  committee  requests  their 
continued  cooperation. 

Assignment  4 — Revise  the  Recruiting  Brochure,  "A  Challenge  and 
Opportunity  for  Engineering   Graduates — The  Railroad  Field" 

Chairman  Davison:  The  report  contained  in  Bulletin  583  outlines  the  importance 
of  the  Recruiting  Brochure  but  fails  to  convey  the  importance  of  each  picture  and 
illustration,  and  the  thought  that  must  be  given  to  the  choice  of  words  used  in  the  text. 

The  editing  of  text  and  illustrations  was  undertaken  under  the  chairmanship  of 
Jerry  Neben,  supervisor  track,  New  York  Central,  with  a  much  appreciated  assist  from 
Executive  Secretary  Neal  D.  Howard.  Although  a  formal  subcommittee  presentation  is 
not  being  made  at  this  time,  I  should  like  to  express  to  Jerry  Neben  the  appreciation 
of  Committee  24.  Will  Mr.  Neben  please  rise?  Thank  you,  Mr.  Neben. 

This  completes  the  report  on  this  assignment,  but  Committee  24  will  review  the 
Brochure  from  time  to  time  to  ensure  that  the  material  is  up  to  date. 

Assignment  5 — Ways  in  which  Railroads  Can  Cooperate  with  Univer- 
sities in  Developing  Research,  Including  the  Revising  of  "Suggested  Topics 
for  Theses  on  Railroad  Subjects" 

Chairman  Davison:  H.  E.  Hurst,  division  engineer,  Milwaukee  Road,  is  chairman 
of  this  subcommittee,  and  I  should  like  to  ask  him  to  present  his  report. 

H.  E.  Hurst:  Mr.  President,  members,  and  guests:  The  report  on  Assignment  5  of 
this  committee  is  presented  on   pages  352   and  353   of  Bulletin   583. 

The  "Statement  of  the  Student  Grant  Program,"  together  with  application  details, 
has  been  included  in  the  report  in  order  that  this  information  may  be  readily  available 
to  members  of  the  Association  and  others  who  may  be  interested  in  this  information. 

Although  the  initial  program  did  not  get  under  way  until  last  fall,  three  applications 
were  received.  Of  these,  two  were  approved.  A  report  submitted  in  connection  with  one 
of  the  grants  involves  the  calculation  of  combined  bending  stress  and  axial  stress  in 
continuous  welded  rail.  It  is  now  being  considered  for  publication  in  one  of  the  AREA 
Bulletins. 

The  initial  interest  shown  in  the  program  may  be  substantially  increased  as  a  larger 
number  of  students  become  aware  of  the  fund's  availability. 

Familiarity  with  the  program  can  be  promoted  by  the  membership,  and  all  members 
are  invited  to  review  this  report  as  submitted  with  such  promotion  in  mind. 

Assignment  6 — Procedures  for  Orienting  and  Developing  Newly 
Employed  Engineering  Personnel 

Chairman  Davison:  The  training  of  personnel  is  a  most  important  field  and  is  of 
particular  interest  to  Committee  24.  It  is  the  subject  of  our  special  feature  which  will 
be  presented  at  the  conclusion  of  our  formal  reports. 


Discussion  7.n 


The  activities  of  this  subcommittee  are  under  the  chairmanship  of  Professor  V.  J. 
Roggeveen,  Stanford  University,  who  unfortunately  is  unable  to  be  present  today. 

Assignment  7 — Stimulate  an  Interest  by  College  and  University  Staff 
Members  in  Current  Railroad  Problems  and  Practices,  Including  AREA 
Membership 

Chairman  Davison:  This  is  an  extremely  difficult  assignment  because,  as  has  been 
reported  in  previous  years,  the  railroad  industry  is  not  highly  regarded  among  most 
engineering  educators.  It  is  unfortunate  that  Professor  Heimbach,  University  of  Mich- 
igan, finds  it  impossible  to  continue  as  chairman  of  this  subcommittee,  but  we  are  for- 
tunate in  persuading  Professor  W.  W.  Hay,  University  of  Illinois,  to  replace  him.  Pro- 
fessor Hay  had  to  make  some  last-minute  changes  in  his  schedule,  which  prevented  his 
attending  today's  meeting,  but  fortunately  he  will  be  able  to  attend  the  sessions 
tomorrow. 

Assignment  8 — Current  Changes  in  Engineering  Education  and  Their 
Implications  Regarding  Employment  of  Future  Graduates  by  the  Railroad 
Industry 

Chairman  Davison:  Engineering  education  is  a  rapidly  changing  field,  and  some  of 
the  changes  contemplated  may  adversely  affect  the  attitude  of  future  graduates  toward 
railroad  employment.  This  assignment  is  under  the  chairmanship  of  J.  F.  Pearce,  office 
engineer.  Western  Pacific  Railroad,  but  no  report  is  being  presented  at  this  time.  Will 
Mr.  Pearce  rise  and  be  recognized. 


Mr.  President,  this  ends  the  formal  portion  of  Committee  24's  presentation;  but 
as  mentioned  in  connection  with  our  Assignment  6,  we  have  a  special  feature  related 
to  the  training  of  railway  personnel.  We  are  particularly  fortunate  in  having  as  our 
speaker  H.   M.   Williamson,   chief  engineer — system.   Southern  Pacific   Company. 

In  obtaining  biographical  data  concerning  our  speaker,  I  had  hoped  to  find  some- 
thing in  his  career  which  would  provide  a  new  avenue  for  Committee  24  to  explore  in 
its  search  for  the  factors  which  make  railway  employment  attractive  to  graduate  engi- 
neers. The  biographical  data  I  obtained  confirmed  many  of  the  basic  factors  which 
seem  to  be  characteristic  of  successful  railroaders. 

Mr.  Williamson  was  born  into  railroading — his  father  having  worked  for  the  South- 
ern Pacific  both  as  trainmaster  and  roadmaster.  During  vacations  from  college  Mr. 
Williamson  worked  for  the  Southern  Pacific,  starting  as  a  laborer  and  advancing  to 
rodman  and  instrumentman ;  to  use  his  own  words,  "I  automatically  returned  to 
railroading  as  a  career  upon   graduation." 

The  record  of  Mr.  William.son's  education  shows  the  variety  of  place  names  typical 
of  railroad  family  life:  Grammar  school  in  Mina,  Xev.;  high  .school  in  -■Mturas,  Calif.; 
university  first  at  Stanford  and  later  at  the  University  of  Utah,  from  which  school  he 
earned  his  BS  degree  in  1936. 

To  round  out  his  education,  Mr.  Williamson  attended  Harvard  Graduate  School 
of  Business  Administration  in  1940  and  returned  to  the  same  school  in  1959  for  a  com- 
pany-sponsored advanced  management  program.  In  the  course  of  his  college  career  he 
became  a  member  of  Phi  Delta  Thcta  fraternity  and  the  Theta  Tau  engineering  .society. 

I  am  sure  you  will  agree  that  his  academic  record  entitles  Mr.  Williamson  to  speak 
to  us  on  the  subject,  "Men  to  Match  the  Management  Challenge."  .\  short  resume  of 
his  working  experience  will  indicate  an  equally  impressive  practical  background. 
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Except  for  a  three-year  hitch  in  the  U.  S.  Navy  as  a  Lieutenant  in  the  SeaBees, 
and  four  months  as  a  teacher  of  mechanical  drawing,  Mr.  Williamson's  working  career 
has  been  spent  with  the  Southern  Pacific.  Many  of  the  job  titles  have  a  famiHar  ring 
to  them,  such  as  rodman,  instrumentman,  appropriation  clerk,  assistant  engineer,  office 
engineer,  division  engineer  with  headquarters  at  many  different  locations,  and  advancing 
to  assistant  engineer  maintenance  of  way  in  1953  and  engineer  maintenance  of  way  in 
1956.  In  June  1960  Williamson  was  appointed  chief  engineer.  Pacific  Lines,  and  in  April 
1961  he  was  advanced  to  his  present  position  of  chief  engineer  system.  Southern  Pacific 
Company.  Mr.  Williamson. 


Men  to  Match   The  Management  Challenge 

By  H.   M.  WILLIAMSON 

Chief    Engineer — System,    Southern    Pacific    Company 

It  has  been  said  that  railroading  has  undergone  such  revolutionary  development  in 
the  last  IS  years  that  about  the  only  thing  that  remains  unchanged  is  the  principle  of 
the  flanged  wheel  on  the  steel  rail.  And  even  the  wheel  and  the  rail  have  been  drastically 
improved. 

New  developments  in  the  hardware  of  railroading  have  been  nothing  short  of 
spectacular — radio,  radar,  closed  circuit  TV  and  microwave ;  complex  machines  to  take 
the  drudgery  out  of  track  maintenance  and  do  the  job  faster  and  better;  more  and 
better  CTC  and  automatic  classification  yards  to  speed  the  traffic  fiow;  mechanized 
accounting  and  record  keeping  geared  into  the  magic  of  computers  and  data-processing 
systems;  specialized  cars  and  cars  of  greater  carrying  capacity;  and  more  powerful 
locomotives  to  haul  the  heavier  loads. 

These  are  indeed  times  of  technological  revolution  everywhere.  Consider  that  about 
90  percent  of  all  the  scientists  who  ever  lived  are  living  today,  and  that  the  total 
accumulation  of  scientific  knowledge  is  said  to  be  doubling  every  10  years.  Wherever 
this  vast  new  fund  of  knowledge  can  be  profitably  applied  to  railroading  it  is  being 
quickly  adapted. 

But  the  rapidly  growing  technical  complexity  of  railroading  is  only  one  of  many 
types  of  change  which  surround  us  and  affect  the  destiny  of  our  industry.  The  popula- 
tion explosion  and  the  westward  surge  of  people  and  industry  is  creating  new  indus- 
trial and  distribution  patterns.  Development  of  new  materials  and  new  products  is 
changing  the  shape  of  industrial  output  and  the  kind  of  transportation  it  requires. 

New  forms  of  transportation — by  highway,  air  and  water — have  sprung  into  being 
and  grown  to  gigantic  proportions  in  less  than  two  decades  to  compete  aggressively  for 
traffic  that  once  moved  exclusively  by  rail.  A  continuous  parade  of  rail  service  improve- 
ments— specialized  cars,  faster  schedules,  piggyback,  containerization — are  one  part  of 
the  answer.  The  other  part  is  a  continuous  effort  to  find  new  ways  of  reducing  our 
costs,  so  that  the  prices  we  charge  can  be  held  at  fully  comf)etitive  levels. 

Changes  in  our  technology  have  created  problems  of  broad-scale  readjustment  of 
our  manpower  requirements,  problems  of  retraining  and  problems  of  bringing  labor 
agreements  up  to  date  to  match  present-day  conditions. 

Government  has  grown  steadily  bigger,  and  the  complexity  of  our  government 
relations  at  every  level  has  increased  many  fold. 
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Even  international  commerce  and  politics  have  become  a  very  real  part  of  our 
concern.  As  the  major  assembly  line  and  distribution  network  for  American  industry, 
we  have  a  great  responsibility  to  come  up  with  new  cost-cutting  service  improvements 
which  will  help  keep  American  industry  competitive  with  rapidly  increasing  foreign 
competition. 

Change  and  growing  complexity  confont  us  on  every  hand.  They  demand  of  rail- 
road top  management  a  new  breadth  and  depth  of  knowledge,  not  just  of  how  to  run 
a  railroad,  but  of  all  these  surrounding  influences  that  bear  so  importantly  on  whether 
our  railroad  industry  will  be  carried  forward  on  this  tidal  wave  of  change  or  be 
engulfed  by  it. 

Much  more  is  demanded,  too,  of  railroad  officers  all  down  the  line.  In  addition  to 
the  growing  complexity  of  their  specialized  responsibilities,  they  must  be  also  aware  of 
a  host  of  new  outside  relationships  and  considerations,  influencing  almost  every  decision 
they  make. 

Most  established  practices  of  20  years  ago  have  long  since  been  scrapped.  In  fact 
the  procedures  of  10  years  ago  are  mostly  superseded.  And  even  the  things  we've  been 
doing  the  same  way  for  only  a  year  or  two  are  subject  to  re-examination  to  be  sure 
they're  still  in  phase  with  the  times,  or  if  there's  a  better  way  to  do  them. 

The  most  important  task  the  railroad  industry  faces  is  that  of  finding  adequate 
leadership  talent  and  generating  adequate  leadership  skill  to  meet  today's  requirements 
and  the  even  greater  requirements  of  the  future.  Our  great  need  in  railroading  today  is 
for  enough  men  to  match  the  management  challenge  that  has  been  created  by  this  tidal 
wave  of  change  both  within  our  industry  and  in  all  the  influences  that  surround  it 
and  affect  it. 

We  used  to  think  that  we  could  get  all  the  management  talent  we  needed  just  by 
the  natural  process  of  letting  the  most  capable  men  work  their  way  up  on  the  basis 
of  their  experience  and  natural  leadership  talents.  That  still  might  be  a  fairly  satis- 
factory- system  were  it  not  for  the  speed  with  which  things  are  moving.  The  fact  is  that 
this  process  of  just  letting  the  cream  rise  to  the  top  is  all  too  slow  under  today's 
conditions  of  accelerated  change. 

We  used  to  think  that  no  one  could  be  expected  to  gain  the  necessary  experience 
for  an  executive  position  short  of  age  55  or  60.  Similarly,  positions  in  the  second  and 
third  levels  down  from  the  top  were  considered  to  require  only  slightly  less  years  of 
experience.  As  a  result,  too  often  we  found  the  "backup"  group,  who  would  normally 
be  expected  to  step  into  top  positions,  already  close  to  retirement  age  when  the  oppor- 
tunity finally  arrived. 

We  have  had  to  face  up  to  the  fact,  too,  that  we  arc  now  in  very  keen  competition 
with  newer  industries  in  attracting  the  best  of  the  upcoming  crop  of  young  people  who 
are  entering  the  job  market.  In  times  past,  when  opportunities  to  go  to  college  were 
not  too  plentiful,  many  very  able  young  people  were  coming  to  us  directly  from  high 
school.  These  are  the  jx-oplc  who,  in  many  cases,  are  our  very  capable  railroad 
executives  of  today. 

But  today  many  ambitious  young  people  can  find  ways  to  get  a  college  education. 
By  the  time  graduation  nears,  the  best  students  are  being  actively  courted  by  the  elec- 
tronics, space  and  other  glamor  industries.  To  get  our  share  of  the  best,  wc  have  to  go 
out  on  an  active  recruiting  campaign.  We  have  to  offer  a  definite  program  of  training 
leading  to  management  po.sitions,  and  we  have  to  sell  the  idea  that  railroading  is  a 
progressive,  dynamic  industry  offering  outstanding  career  opportunities  to  those  able 
to  meet  the  challenge. 
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This  is  not  to  say  that  we  can  afford  any  let-down  in  a  search  within  our  own 
ranks  for  promising  young  talent,  whether  college  or  non-college.  Parallel  to  our  college 
recruitment  efforts,  we  must  have  some  workable  machinery,  extending  down  through 
the  hne  organization,  to  spot  bright  young  people  early  in  whatever  capacity  they  may 
be  working,   and  to   bring  them  along  to  develop  the  potentials  they  appear  to  have. 

So  the  solution  to  this  problem  of  meeting  the  management  shortage  starts,  in  the 
first  place,  with  getting  enough  potential  talent  for  our  future  needs — both  by  college 
recruitment  and  a  search  within  our  own  ranks — and  then  continuously  developing  it 
so  we  can  move  the  most  promising  individuals  on  to  positions  of  greater  responsibility 
as  quickly  as  possible.  President  Russell  of  Southern  Pacific  sums  it  up  this  way: 

"We  must  speed  up  the  process  of  management  development  so  that  an  adequate 
pool  of  people  capable  of  taking  on  high-level  responsibility  can  be  created.  We  need  to 
develop  these  people  while  they  are  still  young  in  years,  so  that  they  can  bring  the 
enthusiasm  and  energy  and  flexibility  of  youth  to  the  levels  .  .  .  where  policy  decisions 
are  made." 

In  Southern  Pacific  Company  we  have  been  diligently  at  work  over  the  past  decade 
on  this  whole  broad  problem  of  developing  the  best  abilities  in  our  people.  Some  parts 
of  our  efforts,  in  fact,  extend  back  twice  that  far — into  the  days  of  World  War  II, 
when  it  became  necessary  almost  overnight  to  quick-train  hundreds  of  railroad  workers 
to  fill  the  urgent  need  for  more  supervisors. 

Today  we  have  what  we  consider  a  fairly  well  rounded  program  of  recruiting, 
training  and  development.  It  is  directed  not  only  to  this  particular  effort  to  speed  the 
development  of  our  officers.  It  also  has  as  its  purpose  the  training  and  development 
of  all  employees  to  make  the  most  of  their  capabilities. 

Let's  look  first  at  those  parts  of  the  program  which  relate  specifically  to  the  devel- 
opment of  officers.  We  shall  come  back  a  little  later  to  other  parts  which  have  a  broader 
relationship  to  all  employees. 

The  people  we  recruit  from  colleges,  as  well  as  those  selected  from  the  ranks, 
undergo  an  intensive  management  training  program.  This  normally  covers  a  two-year 
period,  but  its  duration  and  content  are  flexible,  tailored  to  the  individual  development, 
abilities  and  interests  of  each  trainee. 

The  first  year  of  the  program  is  devoted  to  orientation  and  familiarization,  includ- 
ing as  much  actual  work  experience  as  possible.  For  example,  four  months  may  be  sp)ent 
actually  working  as  a  brakeman  or  switchman.  All  departments  are  covered,  with 
particular  emphasis  on  the  Operating  and  Traffic  Departments.  About  60  percent  of  this 
training  is  conducted  in  the  San  Francisco  Bay  Area,  in  and  around  our  General  Office, 
and  the  remainder  at  field  locations. 

During  the  second  year,  the  trainee  receives  on-the-job  training  in  the  area  of 
specialization  for  which  he  shows  ability  and  interest.  These  areas  include  operations, 
civil  engineering,  mechanical  enginering,  traffic  sales  and  service,  trucking  operations  and 
related  activities.  The  program  involves  a  substantial  amount  of  traveling  during 
both  years. 

After  successfully  completing  the  program,  the  trainee  is  appointed  to  a  position  of 
responsibility  in  his  specialized  field — assistant  trainmaster,  for  example,  if  his  specialty 
is  operations.  Future  opportunities  for  advancement  are  then  determined  by  the 
individual's  performance  and  ability. 

In  the  first  three  years  of  the  program — it  is  now  entering  its  fourth  year — we  were 
interested  in  training  young  officers  principally  for  the  Operating  and  Traffic  Depart- 
ments. Now,  however,  we  are  also  looking  for  engineers  who  will  be  graduating  with 
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bachelors'  degrees  in  civil,  mechanical,  electrical  and  industrial  enfiineering.  Like  our 
other  trainees,  these  men  will  get  training  in  all  principal  departments  the  lirst  year. 
They  will  get  intensified  on-the-job  engineering  experience  in  the  second  year.  And  at 
the  start  of  the  third  year  they  will  get  their  first  regular  appointments  to  such  positions 
as  general  track  foremen  or  project  engineers. 

The  inclusion  of  engineering  graduates  in  the  Management  Training  Program  supple- 
ments our  long-established  Technical  Student  Training  Program,  in  which  we  ( ffer 
summer  employment  to  undergraduate  engineering  students  so  they  can  accumulate 
seniority  against  the  time  they  will  come  to  work  for  us  on  graduation.  A  problem  has 
been  that  we  lose  a  lot  of  good  men  under  this  system  because  of  the  relatively  low 
starting  grade  for  which  their  seniority  qualifies  them  when  they  graduate. 

Because  of  our  very  extensive  use  of  data  processing  on  Southern  Pacific,  our 
Accounting  Department  is  actively  recruiting  graduates — mostly  with  masters'  degrees 
in  business  administration — for  programming  and  systems  analysis.  This  activity  has 
no  direct  relationship  to  the  two-year  training  program,  except  that  some  of  these  men 
who  show  unusual  promise  in  the  more  exLensive  field  of  railroad  management  may 
later  be  moved  into  the  trainee  program  to  broaden  their  knowledge  of  the  total 
operation. 

Before  we  leave  the  discussion  of  this  two-year  Management  Training  Program, 
I  think  you  may  be  interested  to  know  something  of  how  we  go  about  the  college 
recruitment  part  of  it. 

A  year  in  advance  we  write  to  some  30  colleges  and  universities  of  recognized 
status,  located  mostly  in  the  states  we  serve,  to  set  up  dates  in  which  we  will  have  a 
recruiter  on  the  campus  to  interview  interested  seniors  in  February  and  March.  Place- 
ment offices  of  these  colleges  are  supplied  with  copies  of  the  booklet  describing  our 
program.  This  booklet  serves  two  purposes.  It  lets  counsellors  know  what  we  have  to 
offer  and  the  type  of  people  we  are  looking  for,  so  that  they  can  steer  students  to  us 
who  have  appropriate  interests  and  skills.  The  booklet  also  lets  the  interested  student 
know  what  our  program  is,  in  advance  of  the  interview,  so  that  the  interview  time — 
usually  only  about  30  min — can  be  used  most  profitably. 

I  should  make  it  clear  that  in  our  recruiting  we  are  far  more  concerned  with  the 
quality  of  the  people  we  get  than  we  are  in  the  quantity.  Out  of  some  300  students 
interviewed,  it  is  not  unlikely  that  our  intensive  screening  procedure  will  finally  bring 
down  to  only  8  or  10  the  number  we  will  actually  take  into  our  training  program  each 
year.  This  is  truly  a  case  where  "many  are  called  but  few  are  chosen." 

First  and  heaviest  screening  lakes  place  right  at  the  campus  interview,  when  only 
about  one  out  of  four  will  be  offered  further  encouragement.  This  brings  us  down  to 
some  70  prospects,  and  to  these  we  send  questionnaires  and  a  request  that  they  submit 
transcripts  and  write  an  essay  on  any  subject  they  consider  important. 

Another  screening  then  takes  place,  on  the  basis  of  this  information.  This  may 
reduce  the  candidates  to  about  20.  We  invite  these  to  San  Francisco  on  an  all-cxpense- 
paid  basis.  They  spend  a  full  day  with  us,  being  interviewed  by  our  key  younger 
officers,  talking  to  our  trainees  and  taking  a  battery  of  test.s,  the  results  of  which  are 
used  to  confirm  our  own  judgments. 

Shortly  thereafter  our  final  .selection  is  made  and  the  successful  candidates — and  the 
unsuccessful   ones,   too — are   notified. 

In  this  rather  elaborate  process  of  interviewing  and  screening,  what,  exactly,  are 
we  looking  for?  What  are  the  qualities  we  try  to  find  in  a  young  man,  just  finishing 
his  education,  which  we  think  will  indicate  his  capacity  to  move  up  eventually  and 
meet   the  increasingly   difficult   challenges  to   be   found  at   higher  policy-making  levels? 
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We  are  looking  for  young  men  with  a  broad  range  of  interests,  but  at  the  same 
time  with  an  intense  enthusiasm  for  railroading  as  a  field  in  which  to  make  a  career. 
We  are  looking  for  men  with  energy  and  the  ability  to  direct  it  constructively.  Grades 
and  leadership  in  extra-curricular  activities  are  a  good  indication  of  this.  Above  all, 
we  are  looking  for  imagination,  the  habit  of  thinking  creatively,  and  the  attitude  of 
reaching  out  for  new  challenges. 

Despite  our  high  criteria  and  our  careful  screening,  we  can't  be  100  percent  right 
in  our  judgments  of  candidates  for  the  program.  We  do  feel  encouraged,  however,  that 
only  10  percent  of  the  young  men  selected  have  been  washed  out  or  otherwise  eliminated 
during  the  training  period.  While  only  the  years  ahead  can  tell  what  the  full  leadership 
potential  of  these  trainees  may  be,  I  can  tell  you  that  we  are  well  satisfied  with  the 
performance  to  date  of  the  first  two  groups  to  complete  the  training.  It  is  particularly 
encouraging  that  our  principal  officers  have  been  watching  them  closely,  are  pleased 
with  their  performance  and  are  anxious  to  take  more  of  them  into  their  departments. 

So  much  for  our  recruiting  and  management  trainee  program.  I  want  to  talk  now 
about  another  phase  of  our  efforts  to  advance  the  management  skills  of  our  officers. 
This  is  a  program  of  enrolling  a  substantial  number  of  our  people  in  regular  and  special 
college  and  university  courses.  Some  of  these  enrollments  are  for  as  much  as  two  years, 
although  most  of  them  are  for  much  shorter  periods.  But  regardless  of  the  length  of 
the  course  to  which  a  man  is  sent,  the  Company  pays  all  of  his  fees  and  expenses,  in 
addition   to   continuing   his  full   salary 

The  program  had  its  beginnings  in  1950  when  we  started  sending  a  few  of  our 
higher  level  people  to  the  Advanced  Management  Program  at  Harvard,  and  later  we 
began  using  similar  programs  at  Stanford,  MIT,  Carnegie  Tech  and  the  University 
of  Pittsburgh. 

The  thinking  was  that  we  needed  outside  help  to  give  our  management  people  and 
our  candidates  for  management  positions  the  broad  perspectives  they  needed.  The  things 
we  could  do  ourselves  to  speed  up  the  development  of  our  officers — force-feeding  them 
with  new  experiences  and  new  challenges — were  certainly  helpful.  But  this  training 
within  the  Company  did  not  give  much  of  a  look  at  the  outside  world — the  entire 
economic  and  social  situation  in  which  the  railroad  operates.  So  we  looked  to  the 
universities   for  help. 

In  1956  our  program  of  sending  people  to  college  was  greatly  expanded.  In  addition 
to  the  Advanced  Management  Programs,  we  inaugurated  a  Middle  Management  Pro- 
gram for  junior  officers,  using  the  Transportation  Management  Program  at  Stanford, 
the  Program  for  Management  Development  at  Harvard  and  similar  programs  at  other 
universities. 

We  also  inaugurated  in  1956  a  variety  of  other  college  programs  for  people  at  any 
level  tailored  in  each  case  to  their  individual  needs.  Candidates  for  all  of  these  programs 
are,  of  course,  very  carefully  chosen  and  screened,  on  the  basis  of  recommendations 
from   department   heads,   tests  and  interviews. 

One  of  these  programs,  for  people  with  little  or  no  previous  college  experience, 
calls  for  enrollment  as  regular  students  for  a  period  of  one  semester  or  two  quarters 
of  Hberal  arts  work  at  colleges  or  universities  in  the  immediate  vicinities  of  their  homes. 
Those  considered  for  this  program  must  be  under  40  and  have  had  at  least  three  years 
with  the  Company.  Courses  taken  should  be  unrelated  to  their  work  with  the  Company. 
The  purpose  here  is  to  broaden  intellectual  horizons,  and  not  to  provide  technical 
education. 
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Another  program  is  for  people  who  have  made  substantial  progress  toward  a  degree 
but  need  more  time  in  college  to  qualify  for  it.  The  age  limit  and  service  requirements 
are  the  same  as  for  the  one-semester  program  I  have  just  mentioned,  but  this  program 
provides  for  one  academic  year  or  more  for  the  purpose  of  acquiring  a  degree. 

For  technical  people  at  any  level  we  have  a  special  adaptation  of  the  degree  program 
I  have  just  described.  The  qualifications  are  the  same — maximum  age  of  40  and  mini- 
mum of  three  years  of  service — but  the  aim  is  toward  increased  technical  proficiency 
rather  than  toward  broader  experience  in  the  field  of  liberal  arts.  This  program  provides 
one  or  more  academic  years  to  complete  engineering  degrees  or  to  improve  engineering 
qualifications. 

Finally,  we  are  also  concerned  with  producing  a  comparatively  small  number  of 
graduates  at  the  Master's  Degree  level — mostly  in  the  fields  of  engineering  and  business 
administration — and   have  just   inaugurated  another   program   for   this   purpose. 

Southern  Pacific's  use  of  these  various  college  and  university  courses  has  been 
extensive.  Since  1950,  84  of  our  officers  have  participated  in  Advanced  Management 
Programs.  Since  1956,  141  have  been  enrolled  in  Middle  Management  courses,  and  261 
more  have  attended  the  various  other  kinds  of  programs  I  have  mentioned.  In  other 
words,  for  each  of  the  past  eight  years  we  have  had  an  average  of  55  of  our  people 
away  from  the  job,  participating  in  courses  that  run  anywhere  from  one  month  to  a 
full  12  months. 

Before  concluding  this  topic  of  our  use  of  college  courses,  I  should  also  mention 
an  arrangement  which  was  started  only  last  year  whereby  Southern  Pacific  people  can 
take  college  extension  courses  and  correspondence  courses  on  their  own  time,  and  be 
reimbursed  for  tuition  fees.  Any  course  may  be  taken,  provided  it  is  either  one  leading 
to  a  degree  or  connected  with  the  type  of  work  done  by  the  employee.  Hobby  courses 
are  not  included.  The  Company  repays  the  employee's  tuition  costs  on  the  basis  of 
evidence  that  he  has  completed  the  course  with  a  grade  of  "C"  or  better. 

In  addition  to  our  recruitment  and  two-year  trainee  program  and  our  program  of 
sending  people  to  colleges  and  universities,  we  also  have  an  extensive  internal  training 
activity,  open  to  all  of  our  employees.  I  would  like  to  touch  on  this  only  briefly  before 
concluding. 

Our  internal  program  includes  a  variety  of  courses  in  such  subjects  as  orientation, 
freight  rates,  passenger  tariffs,  public  speaking,  effective  reading,  salesmanship,  work 
simplification,  shorthand  and  business  letter  writing.  Many  of  these  are  available  by 
correspK)ndence  as  well  as  in  the  classroom. 

But  beyond  offering  instruction  in  these  specific  subjects,  our  training  people  also 
carry  on  conferences  all  over  the  railroad  which  serve  a  very  important  function  as 
channels  of  communication  from  management  downward,  from  employees  upward,  and 
horizontally  between  employees  of  different  crafts.  These  meetings  are  conducted  in 
specially  equipped  conference  cars,  with  groups  of  25  to  30  i)eop!e.  They  include  a  frank 
discussion  of  management  objective,  an  opportunity  for  participants  to  pass  their  own 
comments  on  up  the  line,  and  a  great  deal  of  discussion  of  the  local  operation  so  that 
each  man  gains  a  better  understanding  of  the  problems  of  the  fellow  on  the  other  side 
of  the  conference  table  and  can  set  up  a  better  working  relationship  with  him. 

Now,  in  conclusion,  may  I  come  back  to  the  main  point  I  made  at  the  start — 
that  the  railroads'  major  problem  today,  in  this  time  of  the  most  revolutionary  change 
in  all  history,  is  to  develop  men  to  match  the  new  management  challenge. 

It  occurs  to  me  that  we,  as  engineers,  have  a  particular  responsibility  in  this  problem 
of  developing  tomorrow's  leadership  talent.  Although  I  have  no  figures  immediately  at 
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hand,  I  would  puess  that  more  top  railroad  executives  have  come  up  from  the  ranks 
of  the  engineers  than  from  any  other  single  source.  I  would  also  venture  the  guess  that 
this  will  continue  to  be  true  perhaps  even  to  greater  degree,  in  the  future. 

So  when  this  meeting  is  over  and  we  go  back  to  our  various  roads,  I  hope  that  all 
of  us  will  feel  that  we  have  a  sort  of  proprietory  interest  in  this  matter  of  finding  the 
best  pecple  in  the  first  place,  and  then  doing  everything  we  can  to  develop  their  abili- 
ties as  rapidly  as  possible. 

I  should  like  to  suggest  a  number  of  ways  we  can  go  about  this: 

We  can  take  an  active,  personal  interest  in  the  kinds  of  training  programs  our  roads 
have  to  offer,  and  we  can  encourage  our  people  to  take  full  advantage  of  them. 

If  the  available  training  programs  appear  to  be  inadequate,  we  can  use  our  influ- 
ence to  encourage  the  setting  up  of  ones  that  will  do  the  job  that  needs  to  be  done. 

We  can  be  sure  that  we  have,  in  our  own  departments,  the  kind  of  climate  which 
will  encourage  and  stimulate  our  people  toward  self-development. 

We  can  find  various  ways  of  giving  our  people,  from  the  time  they  first  come  to 
work  for  us,  an  increasingly  broad  understanding  of  our  companies  and  of  the  industry, 
so  that  they  may  establish  habits  of  thinking  beyond  the  limits  of  their  immediate 
assignments. 

We  can  encourage  creativeness  by  listening  seriously  to  their  ideas  and  encouraging 
their  suggestions. 

Finally,  we  can  set  an  example,  by  our  personal  dedication  to  expanding  our  own 
knowledge  and  concepts.  By  setting  this  type  of  pattern  we  shall  also  most  surely  en- 
hance our  own  capabilities  and  the  brightness  of  our  own  futures.  [Applause] 


Vice  President  A.  V.  Johnston:  Mr.  President,  Committee  24  is  indeed  fortunate 
to  have  Mr.  Williamson  explain  how  the  Southern  Pacific  is  developing  "Men  to  Match 
the  Management  Challenge."  In  listening  to  Mr.  Williamson's  remarks  today,  I  could  not 
help  speculating  to  what  extent  past  activities  of  Committee  24  have  influenced  and  as- 
sisted the  Southern  Pacific  Company  in  developing  their  policies.  But  whether  or  not 
this  is  so,  they  present  a  practical  demonstration  of  many  of  the  ideals  that  Committee 
24  has  recommended  for  adoption. 

Using  the  terminology  of  Assignment  1,  Southern  Pacific  management  must  have 
an  appreciation  of  "(a)  The  importance  of  bringing  into  the  service  selected  graduates  of 
colleges,  and  (b)  the  necessity  for  providing  adequate  means  for  recruiting  such  gradu- 
ates and  retaining  them  in  service." 

Recognizing  the  importance  of  the  adequate  individual  establishes  the  management 
atmosphere  from  which  the  other  activities  flow.  Proper  recruiting  practices  can  be 
established  to  make  contact  with  the  trained  personnel  being  sought.  Training  proce- 
dures can  be  established  so  that  the  new  employee  spends  the  minimum  time  in  ac- 
quiring the  specialized  company  or  industry  knowledges  and  skills  necessary  for  achiev- 
ing a  position  of  responsibility.  Procedures  can  be  developed  whereby  there  is  a 
continuous  contact  through  refresher  courses  for  further  progress  in  academic  fields. 
These  are  all  important  factors  for  continuing  success  in  developing  men  to  match  the 
management  challenge  which  becomes  possible  once  the  proper  management  atmosphere 
is  established. 

The  management  development  policies  outlined  by  Mr.  Williamson  have  undoubt- 
edly contributed  in  no  small  measure  to  the  position  which  the  Southern  Pacific  has 
attained  in  the  industry.  Committee  24  has  the  responsibility  of  fostering  within  the 
railway  industry  an  appreciation  of  the  value  to  be  gained  through  adopting  the  kind 
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of  recruiting  and  training  procedures  which  have  been  described  to  us  today,  and  I  am 
pleased  to  extend  our  thanks  to  Mr.  Williamson  for  his  help  in  their  work.   [Applause] 

Chairman  Davison:  Before  closing,  I  should  like  to  point  out  that  we  have  a  sup- 
ply of  brochures  issued  by  the  Southern  Pacific  for  those  who  wish  to  pick  them  up. 

Dean  Frank  Kerekes  [Michigan  Technological  University]:  Gentlemen,  I  don't 
think  you  have  any  idea  of  the  impact  of  the  message  that  Mr.  Williamson  has  just 
given  us,  and  how  encouraging  it  is  to  young  men  in  our  schools  of  engineering.  It 
makes  us  realize  that  the  railroads  are  militant,  energetic  and  up  to  date. 

I  certainly  shall  take  back  to  my  school  his  message  of  the  fine  opportunity  engi- 
neering graduates  have  with  railroads  and  the  interest  that  railroads  will  take  in  them, 
to  the  extent  of  it  giving  them  in-service  training  and  arranging  for  courses  for  them 
away  from  the  railroads. 

Both  the  men  and  the  railroads  and  industry  as  a  whole  will  profit  from  this  very 
greatly. 

Chairman  Davison:  Before  completing  Committee  24's  presentation,  I  should  like 
to  record  my  personal  appreciation  and  that  of  every  member  of  Committee  24  for  the 
unstinting  help  and  guidance  so  cheerfully  given  by  Executive  Secretary  Neal  Howard. 
All  AREA  committees  rely  heavily  upon  him  and  his  supporting  staff  for  assistance,  and 
I  am  sure  no  committee  leans  more  heavily  than  Committee  24. 

W^ith  this  expression  of  thanks,  Mr.  President,  Committee  24  completes  its 
presentation. 

President  Loggins:  Thank  you,  Mr.  Davison.  I  want  to  add  my  personal  thanks 
to  Mr.  Williamson  for  that  splendid  address.  I  am  naturally  a  little  prejudiced  where 
the  Southern  Pacific  is  involved. 

My  special  thanks  to  all  the  professors  who  are  active  in  the  work  of  Committee 
24.  With  their  interest,  counsel  and  advice,  and  with  the  necessary  interest  and  support 
of  railroad  managements  and  top-ranking  engineering  officers,  much  can  be  accomplished 
toward  recruiting  and  developing  men  to  match  the  management  challenge  referred  to 
by  Mr.  Williamson. 

Committee  24  needs  and  deserves  active  support  from  top-level  engineering  officers. 
I  hope  this  situation  can  be  improved  in  the  year  ahead. 

Thank  you  again,  Mr.  Davison  and  members  of  your  committee.  You  are  now  ex- 
cused with  the  thanks  of  the  Association.   [Applause] 


President  Loggins  (continuing):  This  completes  our  program  for  today;  but  be- 
fore adjourning  the  meeting  I  .should  like  to  announce  that  J.  E.  Wiggins,  Jr.,  office 
engineer,  Southern  Railway  System,  has  been  appointed  by  your  president  as  chairman 
of  the  Tellers  Committee  to  canvass  the  ballots  cast  for  the  officers  of  the  Association 
for  the  coming  year.  The  ballots  will  be  counted  in  the  Buckingham  Room  on  the  third 
floor  of  this  hotel  tomorrow  morning,  beginning  at  7:30  am,  and  all  members  of  that 
committee  are  asked  to  report  for  duty  at  that  time  or  as  soon  thereafter  as  possible  so 
that  the  count  can  be  completed  by  noon  and  the  names  of  the  successful  candidates 
announced   at   our  Annual   Luncheon. 

You  will  be  interested  to  know  that  the  convention  registration  up  to  the  present 
time  numbers  406  railroad  men  and  297  guests,  a  total  of  793. 

The  meeting  is  now  adjourned,  to  convene  tomorrow  morning  at  9  am  in  this 
room.  The  morning  session  will  begin  with  the  report  of  our  Committee  on  Clearances, 
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and  an  address  by  G.  M.  Magee,  director  of  engineering  research,  AAR,  on  "Engineer- 
ing Aspects  in  the  Operation  of  Long  Cars." 

The  meeting  is  adjourned. 

[The  meeting  adjourned  at  5:40  pm] 


Morning  Session,  March  10,  1964 

[The   meeting  convened   at  9  am,   President   Loggins   presiding.] 
President  Loggins:  The  meeting  will  please  come  to  order. 

Discussion  on  Clearances 

[For  report  see   Bulletin   S82,  pages  339-344] 

President  Loggins:  The  first  committee  to  report  this  morning  is  our  Committee 
28 — Clearances,  the  chairman  of  which  is  R.  L.  Williams,  office  manager,  Engineering 
Department,  Illinois  Central  Railroad,  at  Chicago.  Mr.  Williams,  if  you  and  the  mem- 
bers of  your  committee  will  please  come  to  the  platform,  I  shall  be  glad  to  turn  the 
meeting  over  to  you. 

While  the  committee  is  coming  to  the  platform,  I  should  like  to  remind  you,  as 
I  did  yesterday,  that  the  privilege  of  the  floor  is  yours  in  connection  with  the  reports 
of  all  of  our  committees,  and  that  your  informed  comments  or  questions  are  solicited. 

Mr.  Williams,  you  may  proceed. 

Chairman  R.  L.  Williams:   Mr.  President,  members  of  the  Association  and  guests: 

Your  Committee  28  reports  on  seven  assignments  for  the  year  1963,  and  will  now 
give  just  the  highlights  of  the  reports.  For  more  complete  details  you  should  refer  to 
the   Association's   Bulletin   582   of  December   1963,  page  339. 

Assignment  3  is  presented  in  the  Bulletin  in  some  detail.  Assignments  5,  8  and  9  are 
presented  more  briefly.  It  is  hoped  that  on  one  or  more  of  these  assignments  we  shall 
hear  some  questions  or  comments  from  the  floor. 

Reports  on  assignments  will  now  be  made  in  numerical  order. 

Assignment  1 — Revision  of  Manual 

Chairman  Williams:  There  is  no  report  on  this  assignment  as  there  are  no  revi- 
sions proposed  for  this  year.  B.  Bristow,  principal  assistant  engineer,  Chicago,  Rock 
Island  &  Pacific  Railroad,  Chicago,  is  chairman  of  this  subcommittee. 

Assignment  2 — Compilation  of  the  Railroad  Clearance  Requirements  of 
the  Various  States 

Chairman  Williams:  There  is  no  report  on  this  assignment  as  there  are  no  known 
changes  to  be  made  in  the  chart  through  the  year  1963.  Information  has  been  received 
that  the  State  of  Wisconsin  is  considering  some  slight  changes  in  its  regulations.  Also, 
the  Canadian  Board  of  Transport  Commissioners  is  presently  consolidating  existing 
orders  for  better  availability  and  understanding.  R.  D.  Erhardt,  junior  engineer,  Gulf, 
Mobile  &  Ohio  Railroad,  Mobile,  Ala.,  is  the  newly  appointed  chairman  of  this 
subcommittee. 

Assignment  3 — New  Methods  and  Electronic  Devices  for  Recording 
Measurements  of  Clearances  of  Structures  Along  Right-of-Way  and  Over- 
all  Dimensions    of    Cars    and   Loads   in    Yards   and   at   Interchange   Points, 
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Looking  to  the  Possible  Use  of  a  Computer  Program  for  Routing  High  and 
Wide  Loads 

Chairman  Williams:  C.  W.  Hamilton,  design  engineer,  Wabash  Railroad,  St.  Louis, 
Mo.,  is  chairman  of  this  subcommittee  and  would  ordinarily  give  a  report  at  this  time. 
However,  because  of  illness  and  a  trip  to  the  hospital,  he  is  unable  to  be  with  us  this 
year.  His  report  will  be  given  by  M.  E.  Vosseller,  senior  draftsman,  Central  Railroad  of 
New  Jersey,  Jersey  City,  N.  J. 

M.  E.  Vosseller  (for  C.  W.  Hamilton):  Mr.  President,  Mr.  Chairman,  members 
and  guests: 

The  committee  has  found  that  present  methods  generally  employed  in  checking 
clearances  for  outsized  loads  are  time  consuming,  and  the  measurements  are  often  in- 
accurate, which  can  result  in  serious  damage  to  shipments  or  structures  enroute  or 
hamper  the  choice  of  routing  for  the  shipment.  Inaccurate  measurement  of  structures 
also  has  a  direct  bearing  on  the  problem.  There  are  several  devices  on  the  market  which 
have  possible  application  to  this  problem  and  there  are  others  yet  in  the  experimental 
stages.  Three  such  devices  are: 

1.  Oversize  load  detector  consisting  of  a  beam  of  light  projected  across  the  track 
at  a  height  equal  to  the  maximum  height  of  shipments  that  can  be  accommodated  by 
structures  along  the  route.  When  the  beam  is  interrupted,  an  alarm  is  sounded  or  indi- 
cated in  the  proper  office.  For  side  clearances  and  irregular  quadrant  clearances  a  more 
complicated  system  of  lights  is  needed. 

2.  The  Swiss  Federal  Railways  have  constructed  a  device  using  stereoscopic  photog- 
graphy,  also  known  as  photogrammetry.  Photographs  taken  from  a  vehicle  of  clearance 
obstructions  enroute  are  placed  in  a  special  form  of  stereoscopic  viewer.  A  movable 
pointer  is  used  to  outline  the  contour  of  the  three-dimensional  picture  seen  in  the 
viewer.  This  pointer  is  linked  with  a  pen  which  traces  the  contour  on  a  sheet  of  cross- 
section  paper. 

3.  A  system  has  been  developed  in  this  country  in  which  a  high-pressure  mercury 
light  source  is  focused  on  a  pair  of  flat  mirrors  which  rotate  at  high  speeds  and  reflect 
a  plane  of  light  that  illuminates  a  thin  section  of  the  bridge,  signal  staff,  tunnel,  etc., 
whose  clearance  it  is  desired  to  measure.  A  camera  photographs  the  light  band,  giving 
a  cross  sectional  view  of  the  surface  of  the  structure.  The  entire  apparatus  can  be 
mounted  on  the  cab  of  a  moving  inspection  motor  car  so  as  to  move  along  from  struc- 
ture to  structure  rapidly.  Later  the  film  is  projected  onto  a  grid  screen  from  which  exact 
measurement.s  can  be  read  directly. 

Assignment  5 — Clearance  Allowances  to  Provide  for  Vertical  and  Hori- 
zontal Movements  of  Equipment  Due  to  Lateral  Play,  Wear  and  Spring 
Deflection.  Collaborating  with  the  Mechanical  Division,  AAR 

Chairman  Williams:  In  the  past,  reports  have  been  made  on  test  runs  of  freight 
cars  on  the  former  Delaware,  Lackawanna  &  Western  Railroad,  and  on  test  runs  with 
TTX  cars  loaded  with  two  40-ft  trailers  plus  a  three-level  85-ft  auto  carrier  car.  Since 
there  are  other  types  of  cars  engaged  in  piggyback  service,  present  results  are  con.sid- 
ered  inconclusive.  Further  tests  are  planned.  E.  E.  Mills,  design  draftsman,  Pennsyl- 
vania Railroad,  Chicago,  is  chairman  of  this  subcommittee. 

Assignment  6 — Feasibility  of  Formulating  a  More  Complete  Method, 
for   Use  of   Transportation   Departments,  in   Reporting   Loads   of  Excessive 
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Dimensions   to  Minimize  Necessity  for  Requesting  Additional  Information, 
Collaborating  with   the  Mechanical  Division,  AAR 

Chairman  Williams:  There  is  no  report  on  this  assignment.  The  subcommittee  is 
currently  assembling  basic  data  as  to  various  methods  used  in  reporting  excessive  dimen- 
sions of  loadings  and  subsequent  handling.  After  these  are  studied  a  progress  report  will 
be  submitted.  J.  E.  Beran,  draftsman,  Chicago,  Burlington  &  Quincy  Railroad,  Chicago, 
is  chairman  of  this  subcommittee. 

Assignment  8 — Review  Present  Methods  of  Presenting  Published  Clear- 
ance Information  (a)  to  Determine  How  This  Can  Be  Simplified  and/or 
Standardized ;  (b)  to  Determine  the  Feasibility  of  Including  in  the  Official 
Railway  Equipment  Register  the  Light  Weight  and  Height  of  Center  of 
Gravity  of  all  Heavy-Duty  Flat  Cars  to  Aid  Clearance  Personnel  in 
Routing  Shipments  of  Excessive   Weight 

Chairman  Williams:  J.  A.  Crawford,  assistant  engineer,  Chesapeake  &  Ohio  Rail- 
way,  Huntington,   W.   Va.,   and   vice  chairman   of  this  committee,   will  give  this  report. 

J.  A.  Crawford:  The  proposed  method  of  presenting  published  clearance  informa- 
tion which  was  presented  as  information  in  Bulletin  575,  December  1962,  pages  355  to 
358  incl.,  has  been  submitted  to  letter  ballot  and  has  received  an  affirmative  vote  of  two- 
thirds  of  the  eligible  membership  of  the  committee.  Accordingly  it  will  be  praeented  to 
the  Association  next  year  in  its  final  form  for  adoption  and  publication  in  the  Manual. 

In  connection  with  part  (b)  of  Assignment  8  the  committee  is  of  the  opinion  that 
it  would  be  desirable  to  have  the  light  weight,  the  height  of  center  of  gravity  and  the 
wheel  diameter  of  all  heavy-capacity  and  special  types  of  flat  cars,  i.e.,  those  cars  sub- 
ject to  provisions  of  per  diem  Rule  21  and  Car  Service  Division  Circular  CSD  No.  439, 
included  in  the  Official  Railway  Equipment  Register  and  that  this  would  be  feasible. 

In  addition,  the  committee  feels  that  such  of  this  information  as  is  not  presently 
included  in  the  AAR  Moment  and  Shear  Tables  for  Heavy-Duty  Cars  on  Bridges  and 
in  the  AAR  Car  Service  Division  Appendix  A  to  CSD  Circular  No.  439  should  also  be 
included  in  them. 

As  a  result  of  decisions  reached  in  our  committee  meeting  yesterday,  we  shall  now 
handle  with  the  Association  office  relative  to  communicating  with  the  publishers  of  this 
material  to  include  these  additional  data. 

Assignment  9 — Review  Clearance  Records  of  Various  Railroads,  Look- 
ing to  Developing  a  Standardized  Method  for  Charting  all  Obstructions 

Chairman  Williams:  A  chart  showing  obstructions  restricting  the  movement  of 
dimensioned  shipments  over  a  section  of  a  hypothetical  railroad  is  presented  in  Bulletin 
582,  page  344.  The  chart  is  published  as  information  only.  No  further  work  is  being 
done  pending  receipt  of  any  comments  or  suggestions  from  interested  members  of  the 
Association.  Such  suggestions  are  earnestly  solicited. 


Chairman  Williams  (continuing) :  Mr.  President,  this  concludes  the  report  of 
Committee  28. 

The  special  feature  to  follow  this  report,  sponsored  by  the  AAR  Joint  Committee 
on  Relation  Between  Track  and  Equipment,  is  of  great  interest  to  Committee  28.  C.  J. 
Code,  assistant  chief  engineer — staff,  Pennsylvania  Railroad  and  chairman  of  the  Joint 
Committee,  will  introduce  the  speaker. 

C.  J.  Code:  The  man  who  is  going  to  present  our  special  feature  does  not  really 
need  an  introduction  to  you.  He  has  appeared  on  our  programs  many  times  in  the  past, 
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possibly  not  as  often  in  recent  years  as  he  did  at  one  time.  I  think  our  subcommittee 
chairmen  have  become  a  little  more  independent  and  do  their  own  jobs.  That  does  not 
mean  that  our  speaker  is  not  still  workinj;  for  us.  The  results  of  his  work  are  evident  in 
the  reports  of  many  of  our  subcommittees.  He  is  working  for  us  all  the  time,  ready  to 
answer  our  questions  and  help  us  out. 

The  man  I  am  referring  to,  of  course,  is  our  director  of  engineering  research,  A.'KR, 
G.   M.   Magee.   It   is   my   pleasure   to   present   Mr.   Magee. 


Engineering   Aspects   in   the   Operation   of   Long   Cars 

By  G.  M.  MAGEE 

Director  of   Engineering   Research,   AAR 

The  length  of  new  freight  cars  has  gradually  been  increasing  for  many  years.  How- 
ever, with  the  ad%'ent  of  piggyback  cars  and  auto  rack  cars  the  large  increase  in  length 
to  85  and  89  ft  for  a  relatively  large  number  of  cars  has  posed  several  engineering 
problems.  The  first  of  these,  of  course,  with  which  railway  track  engineers  have  been 
concerned  is  the  provision  of  tracks  and  ramps  for  the  loading  and  unloading  of  these 
cars.  Much  attention  has  been  given  to  this  subject,  and  several  roads  have  provided 
some  very  modern  and  efficient  facilities  for  loading  not  only  these  types  of  cars  but 
also  the  Flexi-van  cars. 

There  have  been  several  other  interesting  engineering  aspects  introduced,  however, 
aside  from  these  direct  problems  of  providing  adequate  facilities  for  loading  and  un- 
loading. The  first  of  these  has  to  do  with  the  matter  of  clearances.  In  order  to  deter- 
mine the  clearance  requirements  on  tangent  track  the  engineer  needs  to  have  data  on 
the  change  in  vertical  height  that  may  be  expected  due  to  bounce  or  oscillation  of  the 
car  due  to  track  irregularities  and  side  sway  from  the  same  source.  On  curved  track 
much  the  same  problem  is  encountered,  but  in  addition  the  mid-ordinate  offset  of  the 
car  at  midlength  and  the  external  offset  at  the  end  of  the  car  due  to  overhang  must  be 
taken  into  account;  also  the  superelevation  of  the  curve,  and  the  amount  that  the  car 
will  tilt  on  its  springs  due  to  the  amount  of  unbalanced  elevation.  We  have  worked  in 
collaboration  with  the  Clearance  committee,  and  Report  ER-17,  "Running  Tests  of  a 
Flat  Car  Trailer  Carrier  and  a  Three-Level  Auto  Carrier  on  the  Burlington  Railroad," 
issued  in  September  1961,  contains  data  which  the  engineer  may  use  in  determining 
what  allowance  must  be  made  for  tilt  of  the  car  on  the  springs  due  to  unbalanced  eleva- 
tion and  what  further  allowance  should  be  made  to  take  care  of  normal  oscillations  that 
may  be  expected  due  to  roll,  sway  or  vertical  bounce.  Several  railroads  have  undertaken 
rather  extensive  programs  to  increase  clearances  in  order  to  accommodate  this  new  and 
lucrative  freight  traffic  which  the  railroads  want  to  encourage. 

Another  aspect  in  the  operation  of  these  long  cars  is  their  negotiability  of  sharp 
curves,  particularly  when  connected  to  short  cars.  This  applies  not  only  to  horizontal 
curves  but  also  to  vertical  curves,  particularly  if  it  is  desired  to  operate  these  cars 
through  hump  yards.  The  calculations  for  horizontal  curve  ncgotiai)ility  become  quite 
complicated  because  of  the  different  truck  .spacings.  overhang,  length  of  couplers  and 
types  of  couplers.  For  the  negotiation  of  vertical  curves  the  same  considerations  apply, 
and  the  type  F  coupler  has  different  characteristics  than  the  type  E  coupler.  A  Joint 
Committee  on  Tracking  of  Long  Cars  appointed  by  the  AAR  Mechanical  Division  to 
study  another  matter  decided  that  as  a  base  they  needed  to  have  a  commonly  accepted 
procedure  for  calculating  curve  negotiability.  .Accordingly,  after  considerable  study  the 
committee  prepared  a   pamphlet   entitled,   "Railway   Car   Curve  Negotiations — Standard 
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Method  of  Calculation."  Thinking  that  this  information  would  be  helpful  to  engineering 
officers  of  railways,  I  arranged  to  have  copies  of  this  report  reproduced  and  sent  a  copy 
to  chief  engineering  officers  of  Member  Roads  on  February  5,  1964. 

The  next  engineering  aspect  of  long  cars  I  would  like  to  discuss  is  a  rather  revolting 
development  that  first  came  to  our  attention  as  happening  on  the  Southern  Railway. 
This  railway  found  that  in  operating  empty  TTX  type  cars  on  sharp  curves  under  very 
heavy  tractive  effort,  the  outside  wheels  would  occasionally  raise  off  of  the  rails  and  in 
some  cases  the  inner  rail  would  turn  over,  causing  derailment.  The  next  instance  of  this 
type  that  came  to  our  attention  was  a  derailment  that  occurred  on  the  Burlington  Rail- 
road in  1962  on  a  10-deg  12-min  curve  on  a  1.55  percent  ascending  grade  where  an 
empty  85  ft  TTX  car  near  the  front  end  of  a  heavy  train  turned  the  low  rail  over, 
causing  the  derailment  of  several  cars.  At  the  request  of  the  Burlington  Railroad  we 
duplicated  the  "scene  of  the  crime,"  as  it  were,  with  a  similar  type  train  and  fully  in- 
strumented the  cars  to  determine  the  drawbar  pull,  spring  travel,  truck  swivel,  coupler 
angle,  car  tilt,  etc.,  and  instrumented  the  track  to  determine  the  forces  on  the  high  rail 
and  low  rail,  both  vertically  and  laterally,  and  also  the  lateral  movement  of  the  rail 
head.  A  complete  report  on  these  tests  was  issued  in  January  1963  on  a  confidential 
basis  to  Member  Roads  entitled,  "Tracking  Tests  of  an  8S-Ft  Flat  Car  Trailer  Carrier 
on  the  Burlington  Railroad."  The  only  immediate  remedy  that  appeared  practical  for 
this  situation  at  the  time  was  that  adopted  by  the  Southern  Railway  of  placing  empty 
TTX  type  cars  at  the  rear  end  of  the  train  where  the  drawbar  pull  or  tractive  effort 
will  not  be  high.  A  suggestion  for  new  car  design  as  a  possibly  helpful  measure  was  the 
use  of  a  longer  coupler  than  the  28^  in.  in  the  car  that  derailed. 

Subsequently  other  tests  of  a  similar  nature  were  conducted,  one  of  these  being  on 
the  Denver  &  Rio  Grande  Western.  This  railroad  conducted  some  tests  in  July  1963  on 
a  wye  track  using  diesel  locomotives  to  develop  tractive  effort  on  the  front  end  of  the 
train  and  diesel  locomotives  on  the  rear  end  to  develop  simulated  load  by  regenerative 
braking.  In  these  tests,  which  were  conducted  on  curvature  varying  from  10  to  12  deg, 
it  was  found  that  203,200  lb  tractive  effort  was  sufficient  to  raise  an  empty  89-ft  tri- 
level  auto  carrier  empty  off  the  high  rail  when  coupled  to  a  40-ft  box  car  at  each  end. 
Late  last  year  we  were  invited  to  witness  some  similar  tests  conducted  on  the  Union 
Pacific  Railroad  on  a  10-deg  curve  near  Crestline,  Nev.  I  have  chosen  a  colored  movie 
of  this  test  to  show  you  because  it  is  more  spectacular  in  showing  the  lifting  action 
that  occurs  on  the  high  rail  of  curves  under  this  condition  than  any  other  pictures  we 
have  available.  These  tests  were  conducted  to  develop  a  tractive  effort  on  the  order  of 
200,000  lb,  or  somewhat  greater,  and  the  tests  included  an  89-ft  empty  TTX  car  with 
S3-in  couplers  and  an  85-ft  TTX  car  with  43-in  couplers. 

[The  film  was  then  shown,  with  the  following  commentary  by  Mr.  Magee.] 

This  first  film  shows  some  pictures  taken  at  Milford,  Nev.,  in  the  morning.  The 
yellow  car  is  the  89-ft  TTX  car,  and  the  one  behind  it  is  the  8S-ft  car.  This  little  wheel 
drops  down  on  the  rail  when  the  tests  are  being  made,  and  gives  a  continuous  record 
on  the  oscillograph  in  the  caboose  of  the  amount  the  wheel  is  lifted  from  the  rail.  They 
also  had  a  thin,  long  steel  bar  with  a  strain  gage  on  it  caHbrated  to  give  a  continuous 
record  of  the  swivel  action  of  the  coupler.  This  shows  this  particular  device.  You  will 
notice  that  that  is  a  Type  F  coupler. 

They  had  instrumentation  only  on  the  89-ft  car,  but  we  were  able  to  get  photo- 
graphs of  both  types  of  cars.  This  shows  the  first  run.  Runs  1  and  2  were  made  with 
both  the  89-ft  car  and  the  other  cars. 
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This  is  run  3.  I  am  not  Roinn  to  make  too  many  comments  on  these  pictures  be- 
cause the  significant  thing,  I  think,  is  to  see  the  Hfting  of  the  wheel.  This  is  something 
you  can  hardly  believe  unless  you  see  it.  The  pictures  were  not  taken  by  a  professional 
photographer  but  by  me.  I  tried  different  positions  in  order  to  get  the  best  view. 

This  is  the  equipment,  the  track  setup,  to  measure  the  lateral  and  vertical  forces  on 
the  rail.  On  this  particular  run  the  89-ft  car  was  connected  to  a  very  short  ore  car  on 
the  rear  end.  From  the  oscillograph  record  of  that  little  wheel  and  measuring  the  draw- 
bar pull,  they  were  able  from  these  tests  to  get  a  definite  correlation  between  drawbar 
pull,  the  amount  of  lift  and  the  length  of  couplers.  A  very  complete  and  informative 
report  on  the  tests  was  made. 

This  is  a  general  view  of  the  curve,  looking  downgrade.  In  the  background  you 
will  see  the  test  train  getting  ready  to  start.  This  is  the  85-ft  car.  You  can  see  the 
wheels  starting  to  take  to  the  air.  Anybody  who  says  we  don't  operate  a  monorail — 
[Laughter] 

On  the  rest  of  these  runs  the  train  was  reversed  in  so  far  as  the  test  cars  and  the 
engine  were  concerned,  and  it  was  pushed  by  the  test  location.  These  pictures  are  of  the 
lower  rail.  It  was  getting  dark  and  we  had  to  use  a  light,  so  it  was  not  possible  to 
follow  the  wheels  along  like  we  did  in  the  other  pictures.  We  were  not  able  to  detect 
from  the  movies  or  visually  any  raising  of  the  wheels  at  all,  even  though  they  got  up 
to  considerably  higher  buffing  forces  in  the  pushing  action  than  they  had  in  the  pulling 
action.  However,  in  their  report  they  did  state  that  in  one  of  the  runs  where  they  got 
up  to  a  very  high  buffer  force,  there  was  a  slight  lifting  of  the  wheel  from  the  lower  rail. 

[End  of  first  film.] 

To  give  a  clear  understanding  of  the  forces  involved  which  create  this  situation, 
I  have  prepared  two  slides.  The  first  of  these  shows  the  geometry  of  a  long  TTX  type 
car  connected  to  a  short  car,  such  as  a  covered  hopper  or  box  car  on  a  sharp  curve.  It 
will  be  observed  that  if  the  coupler  is  short  on  both  types  of  cars  the  coupler  actually 
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Slide    1 — Geometry  of   coupled   cars   on   a   curve. 
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Slide  2 — Lifting  action   from  lateral  force  on  coupler. 


must  swing  outward  of  the  curve  on  the  short  car  in  order  to  reach  out  to  the  long 
overhang  on  the  long  car.  This  means  that  when  you  have  a  very  high  tractive  effort 
appHed  to  the  coupler  of  the  long  car,  there  is  a  substantial  lateral  force  exerted  tending 
to  pull  the  car  inward  of  the  curve.  In  slide  2  it  will  be  observed  that  the  effect  of  this 
lateral  force  of  the  coupler,  being  exerted  at  a  height  of  34^,  above  the  rail,  tends  to 
overcome  the  weight  of  the  empty  car  and  if  large  enough  will  actually  start  it  to  rotate 
about  the  low  rail  and  lift  the  wheels  off  of  the  high  rail.  The  car  does  not  completely 
overturn  because  of  the  resistance  offered  by  the  couplers  from  the  adjacent  cars.  How- 
ever, the  lateral  force  exerted  on  the  rail  itself  is  so  large  compared  to  the  compara- 
tively light  vertical  force  from  the  car  weight,  that  the  low  rail  may  overturn,  and  when 
this  happens,  there  is  a  pileup  of  the  remainder  of  the  train. 

From  this  it  will  be  apparent  that  the  most  effective  and  immediate  measure  that 
can  be  taken  is  that  previously  stated  of  putting  empty  TTX  cars  towards  the  rear  end 
of  the  train  so  they  will  not  at  any  time  be  subjected  to  heavy  tractive  effort.  Measures 
could  be  taken  to  brace  the  low  rail  against  overturning  but  certainly  it  does  not  seem 
like  a  good  idea  to  operate  cars  around  a  curve  with  the  outer  wheels  up  in  the  air, 
and,  further,  some  photographs  taken  have  indicated  that  even  if  the  low  rail  does  not 
overturn  there  is  a  possibility  that  the  wheel  flange  will  climb  the  low  rail  as  a  result  of 
the  high  lateral  force  in  conjunction  with  the  relatively  low  vertical  loading.  Putting 
these  cars  at  the  rear  end  of  a  train  causes  some  extra  operating  expenses  which,  of 
course,  it  would  be  desirable  to  avoid.  For  this  reason  we  have  tests  now  underway  on 
the  Southern  Pacific  at  Sacramento  in  which  we  are  experimenting  with  the  use  of  60-in 
couplers.  It  will  be  apparent  from  slide  1  which  I  showed  you  that  having  a  longer 
coupler  will  have  two  beneficial  effects.  It  will  first  place  the  pivot  point  of  the  coupler 
to  where  it  has  less  overhang.  Secondly,  it  will  make  the  hypotenuse  of  the  triangle 
longer  because  of  the  greater  length  of  the  combined  couplers  and  thus  reduce  the  angle 
at  which  the  coupler  pulls  and,  therefore,  the  lateral  component  from  the  drawbar  pull. 
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The  fourth  engineering  aspect  in  connection  with  long  cars  is  something  that  came  to 
our  attention  as  a  result  of  tests  which  we  conducted  for  several  months  last  year  for 
the  Wabash  and  DT&I  Railroads  on  auto  rack  cars.  Both  of  these  railroads  had  experi- 
enced fatigue  cracks  in  the  vertical  or  horizontal  members  of  the  auto  rack  frame  after 
the  cars  had  been  in  service  only  about  a  year's  time.  They  asked  us  to  place  electrical 
strain  gages  at  locations  where  these  fatigue  cracks  had  developed  in  order  to  determine 
the  cause  of  the  high  stresses.  Contrary  to  what  we  had  anticipated,  we  found  that  the 
high  stresses  were  due  to  lateral  motion  of  these  cars,  and  recommendations  were  made 
for  stiffening  or  strengthening  the  members  that  had  failed.  Tests  were  then  repeated  to 
determine  whether  the  stresses  had  been  lowered  to  a  tolerable  amount.  However,  in 
connection  with  making  the  tests  it  was  noted  that  on  both  the  loaded  and  empty  cars 
the  greatest  lateral  forces  occurred  on  yard  tracks  and  at  certain  speeds,  usually  between 
IS  and  20  mph,  where  a  harmonic  motion  would  apparently  be  induced  by  rail  joint 
effect.  I  wish  to  show  you  a  short  section  of  movie  which  was  taken  in  connection  with 
these  tests. 

[The  second  film  was  then  shown  with  the  following  commentary  by  Mr.  Magee.] 

This  shows  one  of  the  auto  rack  cars.  These  first  tests  are  impact  tests,  in  which 

the   car   was   switched   into   another   car   as   the  pictures   were   taken.   As  you   probably 

know,   these   racks   have   a   cushioning  device   in   the   middle   so   they   can   absorb   some 

longitudinal  impact. 

These  are  photographs  taken  from  the  instrument  car  looking  ahead  at  the  empty 
auto  rack  car  on  the  run.  These  are  views  showing  the  application  of  gages  at  points 
in  the  framework  where  the  high  stresses  and  deep  cracks  had  developed.  Apparently, 
most  of  these  auto  rack  cars  were  built  by  so-called  specialty  companies,  not  the  regular 
car-building  companies.  They  have  not  had  very  much  experience  with  the  lateral  forces 
that  are  developed  in  track;  also,  the  nature  of  this  type  of  car  is  such  that  it  just  isn't 
possible  to  add  any  cross  bracing  of  any  kind. 

This  shows  some  of  the  rocking  action.  This  yard  track  did  not  appear  to  be  sub- 
normal; it  looked  about  the  same  as  any  yard  track.  I  honestly  think  if  you  looked  at 
this  track  you  would  say  it  was  pretty  typical  of  any  yard  track  you  might  have. 

The  fact  that  we  got  these  pictures  was  incidental.  Our  primary  objective  was  to 
measure  strains,  but  our  men  happened  to  notice  that,  because  of  the  rocking  action, 
some  of  the  wheels  were  leaving  the  rail  at  the  joints,  and  they  got  a  little  concerned 
about  it.   [Laughter] 

[End  of  second  film,] 

There  is  some  thought  at  the  present  time  ba.sed  on  experiences  on  the  L&N  Railroad 
with  rocking  action  set  up  in  70-ton  high-center-of-gravity  hopper  cars  with  roller  bear- 
ings that  the  reduced  amount  of  lateral  play  in  a  roller  bearing  compared  to  the  solid 
bearing  may  be  a  factor  in  this  rocking  action  becoming  greater  than  would  normally  be 
expected.  However,  this  has  not  been  confirmed  as  yet.  In  the  meantime  it  would  seem 
desirable  to  keep  an  eye  on  yard  tracks  where  movements  of  such  cars  occur  and  im- 
prove joint  conditions  at  locations  where  excessive  rocking  action  is  observed.  Certainly 
any  improvement  that  could  be  effected  in  this  regard  would  be  helpful  also  in  reducing 
the  stresses  in  the  car  frames. 

I  am  afraid  I  have  taken  up  more  than  my  allotted  time,  but  I  hope  .some  of  the 
engineering  aspects  in  the  operation  of  long  cars  which  I  have  described  will  be  of  in- 
terest and  helpful  to  you.  Thank  you.  [.Applause] 


President  Loggins:   Thank  you,  Mr.  Williams,  and  your  committee,  and  Mr.  Ma- 
gee  for  your   most    interesting   presentation    regarding   the   various  engineering   problems 


748  Contract    Forms 


involved  in  the  operation  of  the  long  cars  coming  on  the  railroads  today.  VVe  are  well 
aware  of  these  problems,  and  are  looking  to  you  and  your  staff  for  assistance  in  solving 
them. 

Mr.  Williams,  with  the  problems  of  proper  clearances,  better  means  of  determining 
the  size  of  loads  and  actual  clearances,  and  the  need  for  the  best  possible  methods  of 
presenting  clearance  information,  your  committee  has  many  opportunities  for  construc- 
tive work  in  the  year  ahead.  To  the  extent  that  you  require  the  assistance  of  the  AAR 
research  staff,  I  hope  you  will  continue  to  request  it  and  that  the  necessary  funds  for 
this  assistance  will  be  forthcoming. 

Your  committee  is  now  excused  with  the  thanks  of  the  Association,   [.\pplause] 

Discussion  on  Contract  Forms 

[For  report,  see  Bulletin   581,  pages   177-186] 

President  Loggins:  We  shall  next  hear  from  our  Committee  20 — Contract  Forms, 
the  chairman  of  which  is  Donald  F.  Lyons,  office  engineer,  Chicago  South  Shore  &  South 
Bend  Railroad,  Michigan  City,  Ind.  Will  Mr.  Lyons  and  the  members  of  his  committee 
please  come  promptly  to  the  platform  and  present  their  report. 

Noting  that  this  committee  has  reports  to  make  on  six  of  its  seven  assignments, 
may  I  ask  that  the  officers  of  the  committee  and  all  reporting  subcommittee  chairmen 
take  places  here  as  close  to  the  podium  as  possible,  so  as  to  facilitate  presenting  their 
reports. 

And,  once  more,  I  invite  discussion  from  the  floor  in  connection  with  any  or  all  of 
the  committee's  reports.  When  rising  to  comment  or  ask  questions,  please  state  your 
name  and  railroad  or  other  connection  for  the  benefit  of  the  record. 

Mr.  Lyons,  you  may  proceed. 

Chairman  Donald  F.  Lyons:   Mr.  President,  fellow  members  and  guests: 

Before  presenting  the  report  of  Committee  20,  I  would  like  to  express  the  sorrow  of 
the  committee  in  the  death  of  Carl  E.  Gipe,  who  passed  away  last  year  while  serving 
as  chairman  of  our  Subcommittee  4.  A  written  memoir  appears  in  the  committee  report. 

The  report  of  Committee  20  appears  in  Bulletin  581,  pages  177-186.  Committee  20 
has  seven  assignments  this  year  and  we  are  reporting  on  six  of  them.  We  are  also  going 
to  present  a  special  feature  about  which  we  will  tell  you  more  later. 

Assignment  1 — Revision  of  Manual 

Chairman  Lyons:  The  first  report  will  be  given  by  C.  L.  Gatton,  assistant  to  en- 
gineer maintenance  of  way,  Louisville  &  Nashville  Railroad,  chairman  of  Subcommittee  1. 

C.  L.  Gatton:  The  AAR  Communication  and  Signal  Section,  Committee  5,  under 
its  general  review  of  Manual  assignment,  recommended  to  the  Section  at  its  1963  annual 
meeting  that  its  Manual  Part  57— Agreements  on  Principles  Applicable  to  Joint  Signal 
Facilities — be  revised  to  (1)  broaden  the  scope  of  joint  signal  facilities  to  cover  other 
than  joint  signal  facilities  between  railroads,  (2)  eliminate  the  requirement  for  monthly 
billing,  and  (3)  provide  for  division  of  costs  on  AAR  Signal  Unit,  or  other  mutually 
agreed  basis. 

Form  of  Agreement  for  Interlocking,  as  published  on  AREA  Manual  pages  20-3-1 
to  20-3-7,  incl.,  is  not  at  variance  to  the  C&S  Section's  recommendations  except  as 
concerns  the  requirement  for  monthly  billing. 

Your  committee  recommends,  to  eliminate  this  variance,  that  the  word  "monthly" 
be  deleted  from  the  third  paragraph  of  Sec.  8,  Payment  of  Bills,  page  20-3-5,  and  that 
a  blank  be  substituted  therefor. 
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Mr.  President,  I  so  move. 

[The   motion   was  duly  seconded,  was  put   to  a   vote,  and  carried.] 

Mr.  Gatton:  Your  committee  has  reviewed  during  the  year  the  Form  of  Agree- 
ment for  the  Organization  and  Operation  of  a  Joint  Passenger  Terminal  Project  ap- 
pearing on  Manual  pages  20-2-1  to  20-2-27,  incl.,  and  Form  of  Agreement  for  Joint 
Use  of  Freight  Terminal  Facilities,  appearing  on  Manual  pages  20-2-36  to  20-2-42,  incl. 

Consideration  was  given  to  a  complete  rewriting  of  these  agreements  with  a  view 
of  providing  an  equitable  basis  for  the  withdrawal  of  one  or  more  parties.  The  con- 
sensus of  the  committee,  however,  indicates  these  agreements  are  in  good  form  and 
provide  excellent  guideUnes  for  anyone  having  need  of  these  particular  forms. 

The  committee  .suggests  no  change  in  these  agreements  until  such  time  as  appropri- 
ate refinements  can  be  made  in  line  with  present  changing  railway  conditions.  Your 
committee   will  continue  its  study   of  this  assignment. 

Assignment  2 — Form  of  Agreement  Covering  Purchase  and  Application 
of  Weed-Control  Chemicals  on  Railway  Property,  Collaborating  with 
Committee   1 

Ch.mrman  Lyons:  For  our  second  assignment  I  shall  call  on  E.  A.  Graham,  assistant 
chief  engineer,  Burlington  Lines.  Mr.  Graham,  will  you  give  your  report,  please. 

E.   \.    Graham:    President   Loggins,   Chairman   Lyons,   members  and   guests: 

The  assignment  of  Subcommittee  2  covers  the  preparation  of  a  form  of  agreement 
for  purchase  and  application  of  weed-control  chemicals  on  railway  property.  A  prelimi- 
nary form  of  this  agreement  is  given  as  information  on  pages  179  to  182  of  Bulletin  581 
published  in  November  1963. 

We  have  received  several  comments  on  different  parts  of  this  agreement  from  L.  S. 
Heason,  manager  of  contracts,  Transportation  Division  of  the  Nalco  Chemical  Company. 
We  appreciate  comments  from  members  of  the  supply  and  application  industry  and 
assure  these  people  that  their  suggestions  will  all  be  taken  into  consideration  in  prepar- 
ing the  final  form  of  this  agreement. 

Assignment  3 — Form  of  Agreement  for  Placing  Commercial  Advertising 
on  Railway  Bridges 

Chairman  Lyons:  For  our  third  assignment  I  shall  call  on  R.  C.  Heckel,  highway 
crossing  engineer,  New  York  Central.  Mr.  Heckel. 

R.  C.  Heckel:  Mr.  President  and  gentlemen,  under  this  agreement  your  commit- 
tee prepared  a  form  of  agreement  to  place  commercial  advertising  on  railway  bridges, 
which  was  published  in  Bulletin  581,  November  1963.  Having  received  letter-ballot  ap- 
proval of  the  committee,  the  agreement  form  is  now  presented  for  adoption  and  publi- 
cation in  the  Manual.  Mr.  President,  I  so  move. 

[The  motion   was  duly  seconded,  was  put  to  a  vote,  and  carried.) 

Assignment  4 — Form  of  Agreement  to  Cover  Disposal  of  Surplus 
Railway  Property 

Chairman  Lyo.ns:  For  our  fourth  assignment  I  shall  call  on  C.  W.  Smith,  assistant 
engineer,  Chesapeake  &  Ohio  Railroad.  Mr.  Smith,  will  you  give  your  report,  please. 

C.  W.  Smith:  Mr.  President  and  gentlemen,  last  year  the  A.ssociation  adopted  a 
form  of  agreement  to  cover  disposal  of  surplus  railway  property.  This  particular  form 
is  referred  to  by  Committee  20  as  a  "short  form."  It  was  developed  to  cover  disposal 
of  minor  items  of  no  particular  monetary  value  and  where  hazards  are  limited. 
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This  year  we  have  worked  on  a  longer  form  to  cover  disposal  of  the  larger  items 
that  have  considerable  monetary  value,  or  present  greater  hazard. 

To  distinguish  clearly  between  the  so-called  short  form  and  the  form  presently  be- 
ing processed,  I  should  like  to  move,  Mr.  President,  that  the  title  of  the  present  form 
be  revised  to  read,  "Form  of  Agreement  to  Cover  Disposal  of  Minor  Surplus  Railway 
Facilities." 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  5 — Form  of  Lease  for  Railway  Property  Used  for  Unload- 
ing and  Storing  Liquified  Petroleum  Gases,  Anhydrous  Ammonia,  and  Other 
Flammable   or  Dangerous   Materials 

Chairman  Lyons:  The  report  on  our  fifth  assignment  is  short  and  will  be  given 
by  W.  F.  Burt,  assistant  engineer,  Illinois  Central  Railroad. 

W.  F.  Burt:  The  subcommittee  prepared  a  preliminary  form  of  lease  which  appears 
on  page  191  of  Bulletin  574,  November  1963.  We  were  about  to  present  this  form  of 
lease  as  Manual  material  when  we  received  some  comments  and  criticisms  which  have 
caused  us  to  study  the  subject  further. 

Assignment  6 — Form  of  Agreement  Covering  Reimbursement  for  Pre- 
liminary Engineering  Expenses 

Chairman  Lyons:  This  assignment  is  one  in  which  I  am  personally  interested.  It 
has  to  do  with  reimbursement  for  preliminary  engineering  expenses.  For  the  report  we 
shall  call  on  J.  D.  Taylor,  assistant  to  vice  president.  Great  Northern  Railway.  Mr. 
Taylor. 

J.  D.  Taylor:  In  the  fall  of  1962  Committee  20  concluded  that  it  would  be  desir- 
able to  have  a  standard  contract  form  to  cover  reimbursement  of  preliminary  engineer- 
ing expenses  where  the  recovery  of  such  expenses  would  be  appropriate.  A  proposed 
draft  of  such  an  agreement  was  published  in  Bulletin  581  in  November  1963  for  your 
consideration  and  comment. 

Assignment  7 — Bibliography  on  Subjects  Pertaining  to  Contract  Forms 

Chairman  Lyons:  Since  it  appeared  that  Subcommittee  7  could  not  develop  any- 
thing to  report  on  this  year,  I  assigned  a  collateral  duty  to  the  chairman  of  that  sub- 
committee, F.  M.  Jones,  assistant  engineer  of  the  Milwaukee  Road,  and  he  is  the  one 
who  has  come  up  with  the  piece  de  resistance  of  our  report — the  special  feature.  Mr. 
Jones,  will  you  introduce  the  special  feature,  please. 

F.  M.  Jones  [Chicago,  Milwaukee,  St.  Paul  and  Pacific  Railroad]:  Mr.  President, 
Mr.   Chairman   and  gentlemen: 

Committee  20  is  pleased  to  bring  to  you  an  address  that  is  certain  to  be  of  interest 
to  all  of  us.  Our  speaker  is  a  native  of  Wheaton,  111.,  was  educated  in  the  schools  in 
that  city,  and  is  a  graduate  of  Kent  College  of  Law,  Chicago.  He  is  a  veteran  of  some 
27  years  with  the  Milwaukee  Road,  and  is  now  general  solicitor  for  that  railroad.  He 
has  general  supervision  over  and  the  management  and  direction  of  legal  affairs  and  liti- 
gation of  the  Milwaukee  Road  System. 

It  is  a  privilege  for  me  to  present  to  you  my  personal  friend,  Raymond  K.  Merrill, 
general  solicitor,  Milwaukee  Road.  Mr.  Merrill. 
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Look   Out   Below! 

By  R.  K.  MERRILL 

General    Solicitor,   Chicago,    Milwaukee,    St.    Paul    &    Pacific   Railroad 

Many  years  ago,  the  Brothers  Grimm  included  in  their  collection  of  fairy  tales  the 
story  of  "Clever  Elsie."  Elsie  was  a  young  lady  whose  boy  friend  Hans  came  to  the 
house  for  supper  one  evening.  Elsie  went  down  to  the  cellar  to  draw  a  pitcher  of  ale. 
When  she  didn't  return,  her  mother  went  down  to  see  what  the  trouble  was.  She  found 
Elsie  bathed  in  tears.  Between  sobs,  she  told  her  mother  that  as  she  was  drawing  the 
ale  she  glanced  up  at  the  rafter  over  the  keg  where  an  ax  was  fastened  by  two  pegs. 
The  thought  occurred  to  her  that  if  she  and  Hans  should  marry,  and  if  they  should 
have  a  little  boy,  and  if  the  little  boy  went  down  to  draw  some  ale,  and  if  the  ax  fell 
off  the  pegs,  the  child  might  be  hit  by  the  ax  and  killed.  Thereupon,  the  mother  dis- 
solved into  tears,  and  Hans  said  he  had  certainly  picked  out  a  clever  girl. 

Now  a  fairy  tale  may  seem  entirely  irrelevant  to  any  interest  of  a  group  of  pro- 
fessional men  before  whom  I  have  the  honor  of  appearing  today.  Your  Committee  on 
Contract  Forms  perhaps  threw  all  caution  to  the  wind  when  it  asked  a  lawyer  to  give 
a  short  talk,  but  it  must  never  be  so  reckless  in  preparing  or  revising  contract  forms. 
Rather,  like  Clever  Elsie,  but  within  reason,  it  must  try  to  anticipate  the  possibilities  of 
each  situation  and  try  to  protect  the  railroad  using  the  form  by  appropriate  indemnity 
provisions. 

Undoubtedly,  some  of  the  indemnity  clauses  have  found  their  way  into  your  con- 
tract forms  through  bitter  experience.  Undoubtedly,  there  will  be  future  changes  or  ad- 
ditions similarly  inspired.  Last  month,  I  noted  a  newspaper  report  wherein  a  propane 
pipeline  exploded  with  a  blinding  flash  beneath  railroad  tracks  just  as  a  freight  train  was 
passing.  One  man  in  the  engine  crew  suffered  burns,  four  units  of  the  diescl  locomotive 
burned,  some  of  the  100  freight  cars  caught  fire,  and  some  piled  up  along  the  tracks. 
Flames  were  visible  30  miles  away.  I  understand  that  a  leak  occurred  in  the  pipeline 
some  700  ft  distant  from  its  crossing  under  the  railroad's  tracks.  The  gas,  being  heavier 
than  air,  hung  close  to  the  ground  and  concentrated  in  sufficient  quantity  near  the  tracks 
to  cause  the  explosion  and  fire.  I  do  not  know  whether  there  is  a  contract  between  the 
railroad  and  the  pipeline  company  for  a  crossing  under  the  railroad's  tracks,  but,  if  there 
is,  the  indemnity  provisions  thereof  could  be  of  great  help  in  obtaining  reimbursement 
for  the  railroad. 

The  effectiveness  of  an  agreement  to  protect  a  railroad  against  any  particular  hap- 
pening is  best  known,  of  course,  after  it  happens.  Your  lawyer  then  anxiously  scans 
the  agreement  and,  ideally,  finds  to  his  joy  that  the  occurrence  in  question  was  antici- 
pated and  specifically  provided  for.  It  more  commonly  turns  out,  however,  that  he  must 
labor  to  convince  the  ether  party,  a  jury,  or  a  judge  that  the  contract  in  plain,  un- 
ambiguous language  provides  the  protection  claimed  by  the  railroad.  And  this  he  must 
do,  because  the  court  will  hold  that  if  the  language  is  capable  of  more  than  one  interpre- 
tation it  must  be  con.strucd  against  the  party,  usually  the  railroad,  which  prepared  the 
instrument. 

On  the  Milwaukee,  wc  have  been  successful  in  some  instances  and  unsuccessful  in 
others  in  obtaining  indemnity  under  our  contracts.  Not  too  long  ago,  a  yard  conductor 
was  injured  on  our  railroad  while  switching  a  car  onto  an  industrial  track.  Employees 
of  the  Industry  had  left  ,3  large  steel  plates  leaning  agajn.'^t  a  storage  bin  clo.se  to  the 
track.  When  the  car  was  shoved  onto  the  track,  it  struck  the  plates,  flipping  them 
against    the    yard    conductor,    breaking    his    leg,    and    causing    permanent    disability.    Wc 
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settled  with  the  employee  for  $28,000,  of  which  we  were  reimbursed  $21,000  by  the  in- 
dustry's insurance  carrier.  Without  an  industry  track  agreement,  however,  under  which 
the  industry  was  obligated  to  indemnify  us  for  any  act  or  omission  of  its  employees,  the 
railroad  would  likely  have  suffered  the  full  loss. 

Take  the  somewhat  embarrassing  experience  which  we  had  with  some  window  wash- 
ers. The  owner  or  occupant  of  a  building  might  seek  escape  from  liability  for  injuries 
to  employees  by  hiring  an  independent  contractor  to  do  the  window  washing.  We  hired 
one  to  wash  our  windows  in  our  Milwaukee  Passenger  Depot.  None  of  the  windows  was 
equipped  with  safety  hooks,  and  the  window  washers  were  instructed  by  their  superior 
not  to  work  on  the  window  sills  but  to  use  extension  ladders  furnished  to  them.  Be- 
cause it  was  too  much  trouble  to  move  some  baggage  trucks  which  were  stored  along 
one  side  of  the  building,  one  of  the  washers  disregarded  the  instructions  and  attempted 
to  wash  a  second  floor  window  while  standing  on  the  windowsill.  He  fell,  suffered  a 
fracture  of  his  wrist  and  foot,  and  made  a  claim  against  the  railroad.  Under  Wisconsin 
Law,  the  occupant  of  a  building  must  install  safety  hooks  on  windows  whose  tops  are 
over  20  ft  from  the  ground.  The  railroad  had  no  agreement  requiring  the  contractor  to 
indemnify  it  for  injury  to  the  window  washers  and  this  omission  cost  the  railroad 
$14,000.  Before  we  got  around  to  installing  the  safety  hooks  or  entering  into  a  contract 
with  the  window  washing  company  to  indemnify  us  against  such  accidents,  lightning 
struck  again.  Another  window  washer  fell  off  the  second  floor  windowsill,  sustained  a 
fractured  wrist,  back  and  leg  injuries,  and  looked  to  the  railroad  for  satisfaction.  This 
time  the  bill  was  $4,500.  As  you  might  guess,  we  now  have  both  safety  hooks  on  the 
windows  and  a  written  agreement  to  protect  us  for  the  future. 

Among  the  contract  forms  of  the  AREA  is  one  for  turnpike  or  toll  road  crossing  of 
railway  tracks  and  property.  The  usefulness  of  such  an  agreement  with  protective  provi- 
sions for  the  railroad  is  illustrated  by  a  fatality  case  occurring  at  Rondout,  111.,  several 
years  ago.  A  truck  driver  for  the  construction  company,  disregarding  a  crossing  flag- 
man's warning,  drove  onto  our  tracks,  was  struck  by  a  speeding  train,  and  killed.  His 
widow  brought  suit  against  the  railroad  for  $30,000.  In  accordance  with  the  agreement, 
the  construction  company's  insurance  carrier  is  not  only  assuming  the  defense  of  the 
suit  and  holding  us  harmless,  but  has  paid  a  substantial  bill  for  repairs  to  our  equipment 
and  the  crossing. 

A  word  of  caution  concerning  the  expiration  of  agreements:  When  the  agreement  is 
for  a  specified  period,  care  should  be  taken  to  bring  up  before  expiration  the  need  for 
its  renewal.  At  one  of  our  passenger  stations,  we  had  a  contract  with  a  taxi  company 
authorizing  it  to  perform  taxi  service  for  our  patrons,  for  which  privilege  the  taxi  com- 
pany paid  a  stipulated  monthly  fee  and  agreed  to  indemnify  the  railroad  for  any  in- 
jury to  employees  or  riders  of  the  taxi  company.  A  cab  driver  delivered  a  trunk  which 
he  placed  on  the  baggage  platform.  Instead  of  using  the  stairway,  he  jumped  from  the 
platform  to  the  ground  and  fractured  his  arm.  The  fracture  refused  to  heal,  a  bone 
graft  was  unsuccessful,  and  amputation  of  the  arm  appeared  necessary.  The  cab  driver 
claimed  that  the  baggage  platform  was  maintained  in  an  unsafe  condition  and  demanded 
$125,000  for  his  injury.  In  view  of  the  seriousness  of  the  case,  the  railroad  paid  $20,000 
in  settlement.  The  agreement  with  the  cab  company  left  no  doubt  that  the  railroad  was 
to  be  indemnified  except  for  the  unfortunate  fact  that  the  agreement  had  expired  12 
days  before  the  accident.  The  insurance  company,  therefore,  refused  to  pay  and  suit 
was  brought  by  the  railroad  on  the  agreement.  Because  the  cab  company  had  con- 
tinued to  pay  the  monthly  fee  and  to  perform  taxi  service  at  the  station,  we  argued 
that  the  agreement  remained  in  effect.  The  insurance  company  was  convinced  sufficiently 
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to  contribute  $14,500  toward  the  settlement.  An  expired  agreement,  however,  is  usually 
of  little  consolation,  no  matter  how  favorable  its  terms  may  have  been. 

Even  when  there  is  some  question  whether  an  injury  to  a  railroad  employee  resulted 
from  the  act  or  omission  of  the  indemnitor  or  his  employees,  or  from  the  negligence 
of  fellow-railroad  employees,  an  indemnity  provision  is  most  helpful.  While  switching 
cars  at  an  industry,  a  switchman  who  was  standing  on  the  caboose  steps  fell  when  a 
sudden  stop  occurred.  He  landed  on  a  4  by  4  timber  lying  near  the  track  and  suffered 
injury.  Because  it  was  debatable  whether  the  injury  was  due  to  the  sudden  stop  or  to 
the  obstruction  caused  by  the  presence  of  the  timber,  the  railroad  and  the  industry 
each  bore  one-half  of  the  settlement.  In  the  absence  of  the  sidetrack  agreement,  the 
chance  of  a  recovery  from  the  industry  would  have  been  remote. 

At  one  of  our  industries,  the  track  enters  a  building.  Alongside  the  track  a  loading 
platform  extends  both  inside  and  outside  the  building.  A  freight  conductor  walked 
along  the  platform  in  the  dark  when  a  car  was  being  spotted  inside  the  building  and 
fell  into  a  door  drop  in  the  loading  platform.  This  was  a  space  approximately  16  in 
wide,  27  in  long,  and  50  in  deep  into  which  the  overhead  door  across  the  track  is 
lowered.  He  sustained  back  injuries  requiring  removal  of  discs  and  surgery  on  his 
shoulder.  We  settled  for  $35,000  and  sought  reimbursement  from  the  industry's  insur- 
ance carrier.  Although  it  was  not  exactly  clear  that  the  industry  or  its  employees  were 
guilty  of  any  negligence,  the  insurance  company  made  a  substantial  contribution  because 
of  the  indemnity  provisions  of  the  sidetrack  agreement. 

On  the  other  hand,  we  had  a  sidetrack  agreement  with  an  industry  at  Minne- 
apolis, Minn.,  containing  an  indemnity  clause  protecting  the  railroad  against  any  loss 
resulting  from  certain  close  clearances.  The  clearances  between  the  track  center  and  the 
industry's  building  were  less  than  the  standard  8.5  ft.  On  the  other  side  of  the  industry 
track  was  a  running  track  over  which  we  operated  to  serve  other  industries.  The  track 
centers  of  the  industry  track  and  running  track  were  12  ft  apart,  2  ft  less  than  required 
by  Minnesota  Law.  The  reduced  clearances  on  both  sides  of  the  industry  track  existed 
at  the  time  the  agreement  was  signed.  When  a  car  was  spotted  on  the  industry  track, 
it  left  a  clearance  between  it  and  cars  moving  on  the  running  track  of  only  18  in,  but 
switchmen  riding  on  the  side  of  cars  on  the  running  track  could  normally  pass  safely 
by  a  car  standing  on  the  industry  track.  One  night,  about  2:30  am,  as  a  string  of  cars 
was  being  pushed  on  the  running  track,  the  switchman  riding  the  lead  car  discovered 
that  the  doors  of  a  refrigerator  car  on  the  industry  track  had  been  left  open  on  the 
side  next  to  the  running  track.  This  reduced  the  clearance  between  the  cars  from  18  to 
about  3  in.  The  switchman  avoided  possible  death  by  dropping  from  the  car  and  rolling 
under  the  car  on  the  industry  track.  He  saved  his  life  but  suffered  a  permanent  serious 
injury  to  his  back.  Thirty-four  years  of  age  and  the  father  of  five  small  children,  he 
received  a  settlement  from  the  railroad  of  $56,913.  The  railroad  then  requested  the 
industry  to  assume  at  least  a  portion  of  the  settlement.  The  industry  refused.  Suit  was 
brought  in  a  Federal  Court  which  ruled  that  the  industry  was  not  liable  under  the 
agreement.  This  decision  was  affirmed  by  the  Court  of  Appeals  which  held  that  the 
industry  was  liable  only  for  reduced  clearances  between  the  car  and  the  building.  Clear- 
ance violations  between  the  spur  track  and  the  running  track  only  occurred  when  the 
railroad  ran  a  train  or  placed  cars  thereon,  over  which  the  industry  had  no  control. 
The  Court  therefore  held  that  the  indemnity  provisions  operated  only  with  respect  to 
clearance  violations  constructed  or  permitted  by  the  industry  and  were  not  intended  to 
cover  a  moving  object  such  as  a  train  on  the  adjoining  track,  the  operation  and  control 
of  which  rested  solely  with  the  railroad.  Finding  that  the  language  used  in  the  contract 
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was  at  least  ambiguous  with  respect  to  the  intention  of  the  parties,  the  Court  of  Appeals 
denied   the   railroad   a   recovery. 

Thus  whether  railroads  use  standard  contract  forms  from  the  AREA's  Manual  or 
prepare  their  own,  care  must  be  taken  by  the  drafter  to  guard  against  all  foreseeable 
contingencies.  Whether  the  contract  involves  a  pipeline  under  railroad  property,  a  wire 
crossing  overhead,  a  reduced  clearance,  or  any  other  situation,  let  me  remind  you  to 
LOOK  OUT  BELOW— also,  like  Clever  Elsie,  LOOK  OUT  ABOVE— and  then— FORE, 
AFT,  and  ON  EVERY  SIDE!    [Applausel 


Chairman  Lyons:  In  concluding  our  report,  I  should  like  to  mention  the  personnel 
changes  that  always  occur  in  the  committee  from  year  to  year.  I  should  like  to  thank 
R.  C.  Heckel,  who  is  winding  up  his  chairmanship  of  Subcommittee  3,  for  his  past 
performance.  Thank  you,  Mr.  Heckel. 

Now  I  should  like  to  introduce  our  new  personnel.  Our  new  vice  chairman  is 
C.  L.  Gatton,  whom  you  have  already  met. 

Our  new  secretary,  W.  F.  Burt,  you  have  also  met.  He  is  breaking  in  as  a  new 
member  at   the  same  time. 

We  have  a  new  subcommittee  chairman  whom  we  have  not  recognized  this  morning. 
He  is  K.  J.  Silvey,  area  engineer,  Pennsylvania  Railroad.  Mr.  Silvey. 

Frank  Jones,  whom  many  of  you  also  know,  is  going  to  take  over  a  new  assign- 
ment, chairman  of  Subcommittee  3. 

Finally,  I  should  like  to  introduce  to  you  our  new  committee  chairman  for  next 
year,  who  will  wind  up  our  presentation.  J.  L.  Perrier,  division  engineer  of  the  Chicago 
&  North  Western.  Mr.  Perrier. 

J.   L.  Perrier:    Mr.  President,  Mr.   Chairman,  members  and  guests: 

On  behalf  of  Committee  20  and  myself  I  should  like  to  thank  Mr.  Lyons  for  his 
work  and  direction  of  this  committee  over  the  past  three  years.  He  has  accomplished 
a  lot  of  work.  There  have  been  many  committee  assignments,  and  we  will  hope  to 
continue  them  in  the  future. 

This  concludes  the  report  of  Committee  20. 

President  Loggins:  Thank  you,  Mr.  Lyons,  and  the  members  of  your  committee 
for  the  further  valuable  work  of  your  committee  during  the  past  year  on  this  important 
matter  of  contract  forms.  And  thank  you,  Mr.  Merrill,  for  your  interesting  and 
informative  address. 

Mr.  Lyons,  we  appreciate  the  able  and  dedicated  leadership  which  you  have  given 
to  Committee  20  for  the  past  three  years.  As  you  are  relieved  of  your  responsibilities 
as  chairman,  we  are  pleased  to  welcome  as  your  successor,  Mr.  Perrier,  and,  as  the  new 
vice  chairman  of  your  committee,  Mr.  Gatton.  We  are  satisfied  from  their  past  per- 
formance  that   under   their  direction   the   good  work   of  your  committee   will  continue. 

Mr.  Perrier,  as  a  symbol  of  your  new  authority,  and  to  assist  you  in  conducting 
the  meetings  of  your  committee,  I  should  like  to  present  you  with  this  Chairman's  gavel. 
The  inscription  reads:  "J.  L.  Perrier,  Chairman,  AREA  Committee  20,  1964-1966." 
[Applause] 

Your   committee   is   now   excused   with   the   thanks   of   the   Association.    [Applause] 


Discussion 755 

Discussion  on  Wood  Bridges  and  Trestles 

IFnr  report,   see   Hiilh-tin    583,  pages  3'»1   435  1 

President  Loggins:  The  remainder  of  our  program  this  morning  will  be  given 
over  to  the  reports  of  our  structural  committees.  The  first  will  be  the  report  of  Com- 
mittee 7 — Wood  Bridges  and  Trestles.  The  chairman  of  this  committee  is  K.  L.  DeBlois, 
senior  structural  engineer,  New  York  Central  System,  at  Chicago,  who  is  completing  his 
three-year  term  as  chairman.  Mr.  DeBlois,  will  you  and  the  members  of  your  committee 
please  come  to  the  platform. 

Again,  while  the  committee  is  coming  to  the  platform,  I  would  remind  you  that 
the  privilege  of  the  fioor  is  extended  to  everyone  here.  I  hope  you  will  not  hesitate  to 
avail  yourselves  of  this  privilege  to  the  extent  that  you  have  pertinent  comments  or 
questions  to  ask  Mr.  DeBlois  and  his  subcommittee  chairmen. 

Mr.  DeBlois,  you  may  prcceed.  First,  sir,  may  I  report  that  the  registration  at 
5  pm  was  502  railroad  men  and  .?04  non-railroad  men,  totaling  806.  Mr.  DeBlois. 

Chairman  K.  L.  DeBlois:   Mr.  President,  members  of  the  Association  and  guests: 

Before  presenting  our  report.  Committee  7  wishes  to  express  its  sorrow  at  the 
death  of  one  of  our  members,  Milton  Jarrell,  retired  bridge  engineer,  Baltimore  &  Ohio 
Railroad.  Mr.  Jarrell  died  suddenly  in  Baltimore,  Md.,  on  December  11,  1Q63,  at  the 
age  of  66.  A  memoir  has  been  prepared  and  will  be  published  in  the  Proceedings. 


MEMOIR 

Milton  Jarrell 

Milton  Jarrell,  retired  engineer  of  bridges  for  the  Baltimore  &  Ohio  Railroad,  died 
suddenly  at  Baltimore,  Md.,  December  11,  196.S.  He  is  survived  by  his  wife,  Doris 
Jarrell,  a  son,  Robert  M.  Jarrell,  and  a  daughter,  Mrs.  Robert  Bruce  Turnbull,  as  well 
as  two  grandchildren,  two  brothers  and  two  sisters. 

Mr.  Jarrell  was  born  at  Charleston,  W.  Va.,  on  September  27,  1807,  and  was  grad- 
uated from  West  Virginia  University  in  1922.  After  working  for  the  bridge  department 
of  the  West  Virginia  State  Road  Commission  three  years,  he  entered  Baltimore  &  Ohio 
Railroad  service  in  1025,  progressing  through  the  positions  of  assistant  engineer,  chief 
draftsman,  and  design  engineer  to  engineer  of  bridges,  retiring  in  September  1962. 

During  his  tenure  with  the  Baltimore  &  Ohio,  Mr.  Jarrell  participated  in  the  design 
and  construction  of  several  long-span  movable  and  fixed  bridges  as  well  as  extensive 
grade  separation  projects.  Since  his  retirement  from  the  railroad,  he  was  employed  by 
the  Bureau  of  Bridges  of  the  Maryland  State  Roads  C(  nimission  as  special  consultant 
on  bridges. 

Mr.  Jarrell  joined  the  American  Railway  Engincerin;.'  .Asscciation  in  1948  and 
became  a  member  of  Committee  7  in  1950.  He  worked  diligently  on  subcommittees 
and  was  subcommittee  chairman  on  two  assignments.  Timber  Pile  D()l|)hins,  1951-1952 
and  Revision  of  Manual.   1956-1957. 

In  addition  to  his  activities  in  the  ARK.A,  Mr.  Jarrell  was  a  member  of  the 
American   Society  of  Civil   Engineers  and   the   Baltimore   Engineers'  Club. 

It  is  with  sorrow  and  regret  that  Committee  7  here  records  his  passing. 

K.  L.  DeBi.ois. 

Chairman 

Hull.   .'S6 
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Chairman  DeBlois:  Committee  7 — Wood  Bridges  and  Trestles,  has  reported  on 
four  assignments  commencing  on  page  391  of  Bulletin  583.  One  of  these  assignments 
includes  material  for  adoption  and  publication  in  the  Manual.  I  shall  call  on  the  chair- 
men of  the  subcommittees  or  a  member  to  give  the  reports.  Your  questions  and  com- 
ments are  invited  at  the  end  of  each  presentation. 

Assignment  2 — Grading  Rules  and  Classification  of  Lumber  for  Railway 
Uses;  Specifications  for  Structural  Timber,  Collaborating  with  Other 
Organizations  Interested 

Chairman  DeBlois:  Subcommittee  Chairman  R.  E.  Kuehner,  structural  designer, 
New  York,  Chicago  &  St.  Louis  Railroad,  could  not  be  here  today,  so  I  shall  give 
the   report. 

Last  year  Subcommittee  2,  reporting  on  Grading  Rules  and  Classification  of  Lumber 
for  Railway  Uses,  submitted  for  your  information  a  proposed  grading  rule  for  hard- 
wood structural  timbers  and  recommended  unit  stresses.  The  grading  rule  and  recom- 
mended unit  stresses  were  published  again  this  year,  without  change,  in  the  January 
Bulletin,  with  the  recommendation  that  they  be  adopted  and  published  as  AREA 
Manual  material.  The  proposed  grading  rule  will  also  replace  any  reference  to  NHL.\ 
Grading  Rules  in  tables  on  Manual  pages  7-1-19,  7-1-20  and  7-2-7. 

Mr.  President,  I  move  that  the  above  grading  rule  be  adopted  and  the  Manual 
be   revised   accordingly. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  6 — Applications  of  Synthetic  Resins  and  Adhesives  to  Wood 
Bridges  and   Trestles,  Collaborating  with   Committees  8  and  15 

Chairman  DeBlois:  The  report  on  Assignment  6  will  be  presented  by  T.  P.  Burgess, 
assistant  engineer,  Santa  Fe,  a  member  of  the  subcommittee,  in  the  absence  of  Subcom- 
mittee Chairman  L.  R.  Kubacki,  area  engineer — structures,  Pennsylvania  Railroad. 
Mr.  Burgess. 

T.  P.   Burgess    (for  L.   R.   Kubacki):    Mr.  President,  members  and  guests: 

A  report  on  Assignment  6  was  published  as  information  in  Bulletin  583,  pages  395 
and  396.  It  outlines  the  tests  that  are  being  conducted  in  the  field  and  laboratory. 
Progress  reports  will  be  prepared  when  periodic  inspections  are  made  of  the  field  tests 
and  significant  changes  are  evident,  or  when  laboratory  tests  are  completed. 

During  the  past  four  years,  the  AAR  research  staff  has  assisted  a  number  of  rail- 
roads having  special  problems  pertaining  to  the  use  of  epoxy  resins  and  have  compiled 
information  on  types  of  applications  and  formulations  used  that  may  assist  railroads 
having  special  problems  pertaining  to  the  use  of  epoxy  resins.  This  information  is 
available  upon  request. 

Assignment  7 — Repeated  Loading  of   Timber  Structures 

Chairman  DeBlois:  Our  next  report  is  on  Assignment  7  and  will  be  presented  by 
C.  V.  Lund,  assistant  to  chief  engineer,  Chicago,  Milwaukee,  St.  Paul  &  Pacific  Railroad. 
Mr.  Lund. 

C.  V.  Lund:  Your  committee  is  presenting  this  year  a  report  on  research  in  the 
strength  properties  of  wood  which  is  so  basic  to  any  consideration  of  working  stresses 
for  timber  beams  subjected  to  repeated  loading  that  we  believe  it  constitutes  one  of  the 
most  outstanding  contributions  to  the  entire  literature  on  the  subject  of  wood  for 
structural  uses.  The  study  had  for  its  main  objective  an  investigation  of  strength  in 
both   horizontal  shear  and  in   flexure,  and   of  the  relation  of  such  strength  to  that  of 
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statically  loaded  matched  specimens.  It  provides  us  for  the  first  time  basic  data  in 
repeated  loading  from  which  strength  values  for  full-size  beams  may  be  assigned  with 
greater  confidence.  The  study  was  conducted  in  cooperation  with  the  Forest  Products 
Laboratory,  U.  S.  Department  of  Agriculture,  at  Madison,  Wis.,  and  extended  over  a 
period  of  seven  years. 

Specimens  were  one-quarter  scale  size  of  representative  railroad  bridge  stringers, 
fir  and  pine,  in  green,  air-dried,  and  treated  condition,  in  both  straight  grain  and  1:12 
slope  of  grain.  The  air-dried  and  treated  specimens  were  both  unchecked  and  artificially 
checked  to  simulate  extreme  seasoning  checks.  Cycling  was  carried  to  ten  million  cycles, 
or  to  failure,  and  evaluated  for  two  million  cycles,  the  criterion  currently  used  for 
railroad  loading  investigations. 

Your  committee  will,  during  the  coming  year,  study  this  data,  also  such  data  as 
we  have  available  from  recent  tests  of  full-size  stringers,  and  present  its  recommendations 
for  any   revisions  indicated  to  currently  allowable  working  stresses. 

Assignment  10 — Non-Destructive   Testing  of   Wood 

Chairman  DeBlois:  Our  last  report  is  on  Assignment  10.  Subcommittee  Chairman 
J.  D.  Tapp,  Jr.,  bridge  designer.  Seaboard  Air  Line  Railroad,  could  not  be  here  today, 
so  D.  V.  Sartore,  assistant  engineer  of  bridges,  Chicago,  Burlington  &  Quincy  Railroad, 
Chicago,  will  give  the  report. 

D.  V.  Sartore  (for  J.  D.  Tapp,  Jr.):  Our  report  on  this  assignment  was  prepared 
by  the  AAR  research  staff  and  pertains  to  a  laboratory  investigation  of  a  nuclear  device 
to  determine  its  ability  to  detect  voids  in  large  structural  timbers.  It  was  also  the 
original  intention  to  include  in  the  test  program  a  field  investigation  of  the  device,  and 
a  timber  trestle  in  which  decay  and  voids  were  suspected  had  been  selected  for  the 
test.  But  the  company  which  manufactured  the  nuclear  device  is  no  longer  in  business, 
so  it  appears  that  the  field  investigation  phase  of  the  program  will  have  to  be  deferred. 

We  are  in  contact  with  various  agencies  in  the  nuclear  field  and  arc  on  the  lookout 
for  possible  applications  of  devices  for  the  testing  of  timbers  in  the  field.  We  welcome 
any  suggestions  or  knowledge  of  any  device  for  nondestructive  testing  of  wood. 


Chairman  DeBlois:  Mr.  President,  this  concludes  the  presentation  of  reports  on 
our  assignments.  This  also  concludes  my  three-year  tenure  as  chairman  of  Committee  7. 
I  wish  to  take  this  opportunity  to  thank  the  subccmmillce  chairmen  and  members  for 
their  loyal  support  and  willing  labors,  also  As.sociation  Secretary  \.  D.  Howard  for  his 
cooperation,  and  the  staff  of  the  A.AR  Research  Department  for  their  technical  a.s.sistance 
both  at  our  meetings  and  in  the  preparation  of  many  of  our  reports. 

It  is  now  my  pleasure  to  present  our  new  vice  chairman,  D.  \'.  Sartore,  assistant 
engineer  of  bridges,  Chicago,  Burlington  &  Quincy  Railroad.  Mr.  Sartore. 

Our  new  chairman  is  B.  E.  Daniels,  division  engineer,  Chicago,  Milwaukee,  St.  Paul 
&  Pacific  Railroad.  Mr.  Daniels. 

Mr.  President,  I  can  assure  you  that  the  work  cf  your  ccmmittee  is  in  goo<l  hands. 

President  Logcins:  Thank  you,  Mr.  DeBlois,  for  the  effective  way  in  which  you 
have  conducted  the  work  of  ytur  committee  during  the  past  three  years.  With  wood 
and  timber  products,  their  most  effective  and  economical  use.  and  means  of  protecting 
them  against  decay,  physical  destruction  and  fire,  all  of  such  importance  to  the  railroads, 
there  is  still  much  to  be  done  by  your  ccmmittee  under  its  new  chairman  and  vice 
chairman. 
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Mr.  Sartore,  wc  welcome  you  as  the  new  vice  chairman  of  Committee  7.  Mr. 
Daniels  is  a  lonjr-time,  experienced  member  of  Committee  7,  and  we  welcome  him  as 
chairman.  Together,  we  know  you  two  men  will  make  a  good  team  in  carrying  forward 
the  work  of  the  committee. 

Mr.  Daniels,  if  you  will  step  to  the  jxidium  I  .should  like  to  present  you  with  this 
chairman's  gavel.  On  the  band  it  says,  "B.  E.  Daniels,  Chairman,  AREA  Committee  7, 
1Q64-1967." 

Thank  you  again,  Mr.  DeBlois,  for  your  service  as  chairman  of  Committee  7  for 
the    past    three   years,   and    for   the   able   guidance   you   have   given    to   the   committee. 

Your   committee    is   now    excused    with    the    thanks    of    the   Association,    [.\pplause] 

Discussion  on  Masonry 

[For  report,  see   Bulletin   583,  pages  355-379] 

President  Loggins:  Our  next  structural  committee  to  report  is  Committee  8 — 
Masonry.  The  chairman  of  this  committee  is  D.  H.  Dowe,  assistant  engineer  of  bridges, 
Seaboard  Air  Line  Railroad,  at  Richmond,  Va.  Mr.  Dowe,  if  you  and  the  other  members 
of  your  committee  will  come  to  the  platform,  we  shall  be  pleased  to  have  your  report 
at  this  time 

Chairman   D.   H.   Dowe:    Mr.  President,  members  of  the  Association,  and  guests: 

Your   Committee   on   Masonry  has  reported  on  seven  assignments  in   Bulletin  583, 

pages  355-379,  incl.  Three  of  these  reports  include  Manual  revisions.  In  the  interest  of 

time  I  shall  call  only  upon  those  subcommittee  chairmen  whose  reports  contain  Manual 

material  requiring  action  thereon  or  material  for  future  inclusion  in  the  Manual. 

Assignment  2 — Design  of  Masonry  Structures,  Collaborating  with  Com- 
mittees 1,  5,  6,  7,  15,  28  and  30. 

Chairman  Dowe:  Subcommittee  Chairman  F.  A.  Kempe,  Jr.,  assistant  bridge  engi- 
neer. Northern  Pacific  Railway,  St.  Paul,  Minn.,  has  given  a  brief  progress  report  on 
Assignment   2  as  shown  on  page  356  of  Bulletin  583. 

Assignment  3 — Foundations  and  Earth  Pressures,  Collaborating  with 
Committees   1,  6,  7,   15  and  30. 

Chairman  Dowe:  Subcommittee  Chairman  G.  W.  Cooke,  consulting  engineer, 
Columbus,  Ohio,  has  given  a  progress  report  on  this  assignment  on  page  357  of  Bulletin 
583 ;  and  your  committee,  as  part  of  the  assignment,  has  prepared  a  "Bibliography  on 
Effect  of  Scour,  Wind  Pressures  and  Ice  Pressures  on  Bridge  Foundations,"  as  published 
in   Bulletin   583,  pages  357   to  362,  incl. 

Assignment  4 — Deterioration  and  Repair  of  Masonry  Structures 
Chairman    Dowe:    J.    M.    WilHams,    masonry    inspector,    Illinois   Central   Railroad, 
Chicago,  subcommittee  chairman,  will  report  on  Assignment  4. 

J.  M.  Williams:  Your  subcommittee  during  the  past  year  has  completed  the  revi- 
sion of  Part  13  of  Chapter  8  of  the  Manual,  "Specifications  for  Shotcrete,"  to  provide 
for  the  use  of  epoxy  resin  compounds  for  bonding. 

Mr.  President,  I  move  that  the  revisions  to  Part  13  of  Chapter  8  of  the  Manual, 
as  published  in  Bulletin  583,  pages  362  to  364,  incl.,  be  approved. 

[The   motion   was  duly   seconded,   was   put   to  a  vote,  and  carried.] 
Mr.   Williams:    As  information,  your  subcommittee  is  now  preparing  a  guide  for 
use  of  epoxy  compounds  with  concrete. 
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Assignment  6 — Prestressed  Concrete  for  Railway  Structures,  Col- 
laborating with   Committee  6 

Chairman  Dowe:  Subcommittee  Chairman  J.  R.  Williams,  en^iineer  of  bridges, 
Chicago,  Rock  Island  &  Pacific  Railroad,  Chicago,  will  report  on  Assignment  6. 

J.  R.  Williams;   Mr.  President,  members  of  the  Association,  and  guests: 

Your  committee  has  completed  the  design,  detail  drawings  and  specifications  for  a 
recommended  prestressed  concrete  box  beam  trestle.  The  plans  and  specifications  of  this 
trestle  were  published  in  Bulletin  58,^,  in  January  of  this  year. 

Your  committee  is  now  proceeding  with  the  design  and  preparation  of  detail  plans 
for  double  box  beams  and  through  voided  box  beams  without  end  blocks  or  diaphragms. 
These  designs  will  also  incorporate  optional  strand  patterns  using  the  new  270  ksi  strands 
as  well  as  the  conventional  250  k.si  strands. 

In  addition,  your  committee  is  currently  reviewing  Part  17  of  the  Manual  specifica- 
tion for  prestressed  concrete  structures  and  will  make  such  revisions  as  are  necessary 
to   bring  the   specification   up   to   date. 

Assignment  7 — Quality  of  Concrete  and  Mortars,  Collaborating  with 
Committee  6 

Chairman  Dowe:  Subcommittee  Chairman  J.  W.  Dolson,  assistant  district  engineer, 
Missouri  Pacific  Railroad,  Houston,  Tex.,  is  unable  to  be  here  today,  so  I  shall  read 
the  report. 

Chairman  Dowe  (for  J.  W.  Dolson):  The  primary  assignment  of  this  subcommittee 
is  to  review  and  revise  the  AREA  pamphlet  "Instructions  for  Mixing  and  Placing 
Concrete." 

It  is  our  intention  to  produce  a  handbook  of  practical  information  for  use  of  field 
forces  presented  in  down-to-earth  terms  that  will  embody  all  the  principles  necessary  to 
produce  concrete  of  the  highest  quality.  I  am  pleased  to  report  that  we  anticipate 
completion  of  this  work  during  1964. 

This  subcommittee  has  a  continuing  assignment  of  maintaining  Manual  references 
to  ASTM  Specifications  and  Designations  up  to  date.  Necessary  revisions  have  been 
made  and  were  published  in  Bulletin  58,5,  pages  376  and  .577. 

Mr.  President,  I  move  that  the.se  revisions  be  accepted. 

[The  motion   was  duly  seconded,  was  put  to  a   vote,  and  carried.] 

Assignment  8 — Waterproofing  for  Railway  Structures,  Collaborating 
with  Committees  6,  7  and  15 

Chairman  Dowe:  Subcommittee  Chairman  R.  J.  Hrue.ske,  division  engineer.  Chi- 
cago, Milwaukee,  St.  Paul  &  Pacific  Railroad,  Milwaukee,  Wis.,  will  report  on 
Assignment  8 

R.  J.  Brueske:    Mr.  President,  fellow  members  and  guests: 

In  1961,  when  the  specifications  for  membrane  waterproofing  were  revised,  all 
mention  of  asphalt  block  was  deleted  from  the  new  specification.  Since  that  time,  we 
have  been  informed  that  there  are  railroads  still  using  asphalt  block  as  a  membrane 
protection,  and  therefore  we  are  recommending  that  asphalt  block  again  be  included  in 
the  specifications  for  membrane  waterproofing. 

Mr.  President,  I  move  the  adoption  of  the  revised  specifications  for  Part  2,  Mem- 
brane Waterproofing,  Art.  4,  Sec.  B,  and  .Art.  4,  Sec.  C.  as  appearing  on  pages  M7  and 
MS  of   Bulletin   58.5. 

[The  motion  was  duly  .seconded,  was  put  to  a  vote,  and  carried,] 
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Mr.  Brueske:  Your  committee  is  also  in  the  process  of  rewriting  Part  3  of  Chapter 
29,  "Coatings  for  Dampproofing."  The  new  specification  will  be  general  in  nature  and 
is  to  be  an  interim  specification  to  be  used  until  such  time  as  funds  are  available  to 
permit  research  that  will  enable  us  to  prepare  a  more  detailed  specification.  It  is  our 
hope  that  the  specification  will  be  ready  for  your  approval  in  March  of  1965. 

Our  next  projects  to  be  under  consideration  will  be  investigation  of  membrane 
waterproofing  joint  and  edge  sealers  and  the  usage  of  rubber  membrane  waterproofing. 

Assignment  10 — Methods  of  Construction  with  Precast  Concrete  Struc- 
tural Members,   Collaborating  with   Committee  6 

Chairman  Do  we:  Subcommittee  Chairman  W.  P.  Hendrix,  area  engineer — struc- 
tures, Pennsylvania  Railroad,  Philadelphia,  has  given  a  report  on  the  connection  of 
precast  concrete  units  as  part  of  Assignment  10.  This  is  published  in  Bulletin  583,  pages 
378-379. 


Chairman  Dowe  (continuing) :  If  there  are  any  questions  pertaining  to  our  reports, 
the  committee  will  attempt   to  answer  them. 

E.  T.  Franzen  (Missouri  Pacific) :  My  question  is  addressed  to  Mr.  Dowe  or  Mr. 
Williams.  I  note  that  there  is  no  waterproofing  membrane  shown  on  the  prestressed 
concrete  beams  presented  under  Assignment  6.  Because  of  the  relatively  thin  sections, 
I  wonder  if  there  should  not  be  a  recommendation  that  waterproofing  be  used  where 
there  is  a  possibility  of  frost  damage  or  damage  from  brine. 

Chairman  Dowe:   I  shall  ask  Mr.  Williams  to  answer  the  question. 

Mr.  Williams:  We  debated  about  putting  in  some  reference  to  waterproofing,  but 
since  the  specifications  for  the  conventional  concrete  trestle  did  not  mention  it,  we  left 
it  out.  Possibly  you  are  right,  that  it  is  a  different  proposition  from  the  conventional 
slab  trestle  which  we  used  as  a  guide  in  preparing  the  detailed  drawings.  We  shall  give 
consideration  to  your  suggestion. 

Mr.  Franzen:  While  you  are  there,  Jack,  may  I  ask  another  question.  I  note  that 
your  new  design  for  prestressed  concrete  trestles  calls  for  a  28-ft  span  supported  on 
3-piIe  bents.  Do  you  expect  any  reluctance  on  the  part  of  bridge  engineers  to  accept 
the  design  ?  This  is  stretching  out  considerably  from  what  has  been  used  before. 

The  question  is  this:  Can  we  get,  with  our  present  pile-driving  equipment,  sufficient 
bearing  capacity  with  only  three  piles.  Perhaps  Mr.  Dowe  could  answer  that  better. 
He  has  had  some  experience  with  relatively  high  pile  loads. 

Chairman  Dowe:  We  have  only  gone  to  24-ft  spans.  That  has  been  the  limit  for 
us  on  the  3-pile  bent.  However,  as  Jack  says,  structurally  it  figures. 

J.  R.  Williams:  Maybe  someone  in  the  audience  has  had  experience  driving  these 
3-pile  bents.  There  hasn't  been  any  trestle  built  exactly  like  that.  They  all  seem  to 
vary  from  it  in  one  way  or  another.  I  am  sure  the  Association  would  like  to  hear  from 
anyone  who  has  had  experience  with  it. 

R.  D.  Nordstrom  [Western  Pacific]:  We  have  used  25-ft  spans  and  we  have  even 
gone  up  to  37  ft  8  in,  using  a  4-pile  bent.  I  think  Mr.  Woolford's  talk  will  probably 
illustrate  what  we  have  done  on  the  Western  Pacific. 

Chairman  Dowe:  If  there  are  no  other  questions,  Mr.  President,  this  concludes 
the  reports  on  our  assignments. 

As  a  special  feature  of  Committee  8,  I  am  pleased  to  present  a  man  who  is  well 
known  to  most  of  you,  a  former  president  of  AREA,  Frank  R.  Woolford,  chief  engineer 
of  the  Western  Pacific  Railroad,  who  will  give  us  an  illustrated  talk  dealing  with 
"Difficulties  Experienced  in  Railroading  in  the  West."  Mr.  Woolford. 
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Difficulties  Experienced  in  Railroading  in  the  Far  West 

By  F.  R.  WOOLFORD 

Chief   Engineer,   Western   Pacific   Railroad 

Mr.  Loggins,  Mr.  Dovve,  members  of  Committee  8,  members  of  AREA  and  friends: 
Truly  I  am  honored  to  be  asked  to  say  a  few  words  before  this  distinguished  group. 

When  Mr.  Dowe  asked  me  to  give  a  short  talk  on  problems  associated  with  con- 
struction and  maintenance  in  the  Far  West,  I  was  hesitant  because  I  didn't  want  to 
become  involved  in  arguments  about  the  relative  difflculties  of  mountain  vs.  plains  rail- 
roading. Many  in  this  audience  are  as  qualified,  if  not  more  so,  to  deal  with  this  subject 
as  I.  However,  with  your  indulgence,  I  shall  show  a  few  selected  slides*  and  tell  you 

As  this  committee  is  concerned  with  concrete  structures,  I  shall  begin  by  discussing 
Western  Pacific's  progress  in  the  use  of  prestressed  concrete  for  bridges  and  track  ties. 

Bridges 

Western  Pacific  entered  the  prestressed  concrete  field  in  1958-1959  when  we  designed 
and  built  the  first  prestressed  concrete  railroad  bridge  west  of  the  Rockies — Bridge  No. 
93  at  Stockton,  Calif.  It  is  a  4-panel,  25-ft  span,  structure  with  prestressed  concrete 
deck  segments  supported  on  five  bents,  each  having  three  20-in  prestressed  concrete 
octagonal  piles.  The  deck  .segments  and  piles  were  cast  by  Ben  C.  Gerwick.  The  new 
bridge  replaced  a  7 -panel  pile  trestle  and  cost  $34,000. 

Being  most  successful  in  our  initial  venture  into  the  field  of  prestressed  concrete, 
we  made  use  of  our  initial  experience  in  connection  with  a  new  alignment  to  one  of 
our  Stockton  port  areas.  Using  the  same  design  as  for  Bridge  93,  we  built  a  S-panel, 
25-ft  span,  structure  over  Mormon  Channel  at  Stockton.  This  structure  was  constructed 
entirely  through  use  of  rubber-tired  equipment,  while  Bridge  93  was  built  with  on-track 
equipment. 

With  two  successes  in  prestressed  concrete  structures,  our  bridge  engineer — A.  W. 
Carlson — reached  out  for  longer  panels  to  reduce  the  cost  of  concrete  vs.  timber  or 
steel  structures.  This  we  did  in  replacing  Bridge  62.63,  a  7-panel  pile  trestle,  with  a 
3-panel  prestressed  concrete  structure  (two  25-ft  and  one  37-ft  spans)  on  bents  con- 
sisting of  four  20-in  prestressed  concrete  piles.  The  37-ft  panel  accommodates  a 
county  road. 

When  several  railroads  operate  in  the  same  area,  interchange  of  cars  becomes  a 
problem.  To  provide  a  five-line  interchange  facility  at  Sacramento,  Calif.,  an  overhead 
crossing  of  Western  Pacific's  main  track  was  neces.sary.  For  construction  and  main- 
tenance economy,  concrete  was  used  for  this  structure,  which  consists  of  two  36-ft  end 
spans  with  6  ft  cantilevers  to  support  a  32-ft  prestressed  concrete  span.  The  total  cost 
was  $50,000. 

Western  Pacific's  most  recent  prestressed  concrete  structure  is  Bridge  100.18,  con- 
sisting of  five  2S-ft  panels.  It  replaced  a  4-panel  pile  trestle  because  it  was  necessary  to 
provide  an  additional  opening  to  accommodate  an  improved  drainage  project.  Before 
the  piling  was  cast,  we  attempted  to  determine  their  required  lengths  through  soil 
borings,  which  were  made  by  an  engineering  foundation  concern.  On  the  basis  of  these 
borings,  we  made  the  piles  44  ft  long  and  took  them  to  the  job  site.  The  first  pile  driven 
passed  the  cutoff  elevation  before  we  obtained  the  desired  load  capacity,  and  it  became 
obvious  that  longer  pilinn  were  necessary.  To  eliminate  the  delay  that  would  be  required 
about  some  of  the  proljlems  typical  to  our  Vnr  West. 


Of   the   slides  shown   by    Mr.    \ViM)|fiir(i    to   illu'-lrali'   his   remarks,   only    13   are   presonled   herewith. 
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Bridge  No.  93  at  Stockton,  Calif.,  the  first  prestressed  concrete  bridge  to  be 
constructed  west  of  the  Rockies.  Three-pile  bents  support  the  25-ft  spans. 


Prestressed  concrete  bridge  over  Mormon  channel  at  Stockton. 
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Overhead  crossing  of  Western  Pacific's  main  track — a  three-panel  con- 
crete structure  consisting  of  two  36-ft  end  spans  with  6-ft  cantilevers 
supporting  a  32-ft  prestressed  concrete  span. 


In  the  construction  of  Bridge  No.  100.18  it  became  necessary  to  lengthen 
the  prestressed  concrete  piles,  after  they  were  cast,  from  44  to  52  ft.  After 
a  seasoning  period  during  which  the  lengthened  piles  stood  vertically  in 
pre-drilled  starter  holes,  as  shown  here,  the  piles  were  turned  end  for  end 
and  driven  with  stub  ends  down  to  place  the  joints  under  ground  pressure. 
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Bridge  No.   100.18  after  completion. 


for  casting  proper  length  piles,  we  decided  to  lengthen  the  44-ft  piles  to  52  ft.  The  8-ft 
stubs  were  obtained  by  cutting  a  sufficient  number  of  the  44-ft  piles  each  into  five 
8-ft  pieces.  The  stubs  were  joined  to  full-length  piles  by  epoxy  mortar  after  squaring 
off  the  ends  and  removing  3  to  4  ft  of  the  Sonovoid*  in  each  pile  segment.  Then  a 
reinforced  rod  cage  was  placed  in  the  hollow  core  and  the  two  segments  were  tied 
together  with  four  3^-  by  3-  by  24  in  steel  straps.  Finally,  the  hollow  core  of  the 
extension  was  filled  with  a  low-slump  concrete,  well  vibrated.  In  driving  the  lengthened 
piles  the  short  extension  section  was  placed  on  the  bottom  so  we  would  not  lose  the 
benefit  of  the  prestress  in  the  piles  and  to  place  the  joint  under  ground  pressure. 

For  Bridge  100.18  the  piling  and  all  sections  were  precast  and  prestressed  locally 
and  truck  hauled  to  the  site.  All  our  other  prestressed  concrete  sections  were  cast  at 
Utah  Sand  and  Materials  Yard  in  Salt  Lake  Citv,  Utah. 


Prestressed  Concrete  Ties 

All  of  Western  Pacific's  prestressed  concrete  is  not  in  bridges.  In  19S9,  in  coopera- 
tion with  Ben  C.  Gerwick,  we  designed  and  cast  45  prestressed  concrete  track  ties  which 
were  placed  in  track  early  in  1960  in  our  San  Francisco  Freight  Bay  Transfer  Yard. 
The  track,  located  in  an  area  with  very  poor  drainage,  is  a  yard  switching  lead  used 
extensively   by   switchmen,  so  good  footing  is  a  must.  These  ties  have  been  in  service 


pile. 


Trade    name    for    the    material    used    to   form    a   cylindrical    hollow   core   in    a   pre-stressed   concrete 
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Western   Pacific's   prestressed   concrete   ties  during   initial   placement, 
before   the   cribs  were  filled. 
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for  four  years.  No  maintenance  has  been  required  and  no  defects  are  visible.  Such  ties 
are  unquestionably  justified  for  yard  use  if  their  initial  cost  can  be  made  comparable 
wfth  wood  ties. 

Mountain  Railroading 

Western  Pacific  recently  completed  a  24-mile  main-track  relocation,  replacing  27 
miles  of  original  alignment,  through  the  foothills  of  the  Sierra  Nevada  Mountains,  near 
Oroville,  Calif.  The  new  line  was  opened  to  traffic  on  January  29,  1963.  I  shall  now 
review  several  of  the  unusual  developments  that  arose  during  the  construction  work, 
involving  high-level  bridge  structures,  soils  problems,  foundation  deficiencies  in  tunnel 
construction,  and  other  items  typical  of  a  construction  project  in  a  moutainous  terrain. 
I  shall  also  describe  the  corrective  action  taken  when  certain  construction  headaches 
were  transferred  to  the  maintenance  officer. 

The  project  was  made  necessary  because  Southern  California  had  to  turn  to 
Northern  California  to  quench  its  thirst — the  objective  of  the  Oroville  Dam  Project 
which  will  divert  Feather  River  waters  to  the  Los  Angeles-San  Diego  area.  To  accom- 
modate this  dam,  which  on  completion  will  be  some  700  ft  above  the  stream  bed  ele- 
vation, Western  Pacific's  main  line  had  to  be  relocated  across  and  to  the  west  side 
of  the  mountain  range  along  the  Feather  River. 

Near  the  beginning  of  this  24-mile  relocation,  a  new  crossing  of  the  Feather  River, 
114  miles  east  of  Oroville,  was  necessary  to  permit  the  line  readily  to  depart  from  the 
Feather  River  canyon  area  and  dam  site.  This  structure  is  1,079  ft  in  length,  consisting 
of  four  13-ft  timber  spans  and  one  44-ft  I-beam  span  to  accommodate  the  contractor's 
temporary  railroad  for  hauling  aggregates,  followed  by  two  88-ft,  one  125-ft,  and  seven 
96-ft  deck  plate-girder  spans,  with  concrete  ballast  deck,  all  carried  on  12  ft,  tapered  to 
10  ft,  diameter  single  circular  concrete  column  piers.  Where  the  low-water  channel  of 
the  Feather  River  was  crossed,  two  massive  concrete  foundations  were  necessary  on 
which  to  support  the  12 -ft  base  of  the  cylindrical  piers.  To  establish  the  foundation 
locations,  underwater  surveying  was  necessary,  which  was  accomplished  by  a  skin-diver 
transitman  and  rodman.  Continuous  welded  rail  was  laid  on  the  bridge  with  no  rail 
joints  within  several  hundred  feet  of  the  bridge  ends. 

Traveling  along  the  new  alignment  some  16  miles,  we  encounter  the  west  branch 
of  the  Feather  River.  A  railroad  bridge  crossing  of  this  ravine  would  have  been  fairly 
simple,  but  the  State  of  California  insisted  that  Highway  40-A  cross  the  stream  on  the 
same  structure  with  the  railroad.  A  two-level  truss  structure  resulted — the  railroad 
deck  below,  being  some  500  ft  above  the  stream  bed.  The  bridge  is  1,879  ft  in  length, 
consisting  of  one  36-ft  deck  plate  girder,  and  one  360-ft,  two  432-ft,  and  one  576-ft 
through  truss  spans,  with  the  railroad  located  on  the  lower  deck  and  highway  40-A, 
a  S6-ft  wide  pavement,  60  ft  above  the  railroad,  on  top  of  the  trusses — all  supported 
on  concrete  piers  measuring  some  20  ft  by  58  ft,  stepped  up  to  16  ft  by  54  ft,  of  single 
rectangular  shape,  the  top  of  piers  being  some  400  ft  above  the  stream  bed.  The  massive 
spread  concrete  footings  for  the  piers  were  well  keyed  into  solid  rock. 

Leaving  this  $10  million  combination  railroad-highway  structure,  and  continuing 
5  miles  east,  we  cross  the  north  fork  of  the  Feather  River,  being  near  the  end  of  the 
relocation  project.  Here  one  of  your  committee  members,  Arthur  Carlson,  and  a  con- 
sultant, Glenn  Woodruff — known  in  our  area  as  Mr.  Structure  of  the  West — conceived 
the  idea  of  a  concrete  bridge  in  preference  to  a  steel  truss  design.  Our  preference  for 
concrete  at  this  crossing  was  justified.  The  bid  for  the  concrete  structure  in  competitive 
bidding  was  some  $80,000  lower  than  bids  for  a  steel  structure. 
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Feather   River   crossing,    1079   ft  long. 
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New   $10   million    two-level   hUuclurc   carrying    Highway   40-A   and   Western 
Pacific's  new  main   line  60   ft  below  the  highway. 
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Side  view  of  concrete  arch  structure.  The  center  arch,  308  ft,  is  the  longest 
reinforced   concrete   arch   span   on   any   American   rail   line. 


This  concrete  bridge  consists  of  seven  22-  and  28-ft  simple  spans,  and  3  concrete 
arches,  respectively,  194  ft,  308  ft,  and  247  ft  in  length,  the  center  arch  being  the  longest 
reinforced  concrete  arch  span  on  any  American  rail  line. 

In  connection  with  this  main-track  relocation,  it  was  necessary  to  construct  live 
tunnels,  sized  18  ft  by  24  ft  inside,  with  concrete  inverts,  the  bores  varying  from  2400 
ft  to  8856  ft  in  length,  requiring  a  total  of  21,177  ft  of  reinforced  concrete  lining.  A 
one-span  concrete  arch  bridge  was  constructed  between  the  last  two  tunnels,  Nos. 
7  and  8. 

Tunnels  7  and  8,  having  a  total  of  13,262  ft  of  tunnel  bore,  with  only  some  150  ft 
of  opening  separating  the  bores,  developed  a  most  unusual  maintenance  problem  when 
placed  under  full  traffic. 

Failures  of  the  concrete  inverts  in  these  tunnels  appeared  in  many  locations.  Inves- 
tigation disclosed  that  hydraulic  underground  water  pressure  had  floated  out — in  sus- 
pension and  through  field  construction  joints — much  of  the  backfull  levelling  material 
that  had  been  placed  during  construction  under  the  inverts  to  compensate  for  the  con- 
tractor's overshooting  of  the  tunnel  floor.  This  silty  material  was  deposited  on  top  of 
the  invert  in  the  ballast  section  and  in  the  side  gutters.  Weep  holes  were  immediately 
drilled  through  the  concrete  invert  between  ends  of  track  ties  and  the  gutter  wall  on 
each  side  of  the  track,  staggered  on  4-ft  centers.  Immediately  upon  opening  the  weep 
holes  a  heavy  flow  of  water  and  silt  appeared.  These  holes  were  nippled  for  grouting. 

To  replace  the  existing  void  under  the  concrete  invert  and  restore  it  to  near  its 
original  elevation,  cement  pressure  grouting  was  selected  as  the  only  practical  method 
for   replacement    of   the    foundation   without    renewing   the   entire  inverts  in   these   two 
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West  portal  of  tunnel  8.  This  tunnel  is  8856  ft  long. 


tunnels.  Pressure  grouting  was  started  using  a  1  to  1  neat  cement  mix,  with  1  percent 
Betonite.  Later,  as  the  operation  progressed,  a  suitable  grout  line  booster  and  remi.x 
hopper  was  developed,  which  permitted  the  adding  of  sand  to  the  mix.  This  grouting 
set  up  was  initially  located  at  the  west  portal  of  Tunnel  7.  Later  as  work  progressed, 
the  setup  was  located  in  the  space  between  Tunnels  7  and  8,  through  which  arrangement 
we  were  able  successfully  to  push  grout  4,500  ft  west  and  8,900  ft  east  to  the 
tunnel  ends. 

Considering  that  we  were  working  in  the  dark  as  to  results  being  obtained  during 
the  first  grouting  operation,  a  diamond  drill  core  sampler  was  employed  to  obtain 
samples  between  the  top  of  the  invert  and  the  solid  rock  below  at  selected  locations 
to  see  what  had  been  accomplished  in  our  attempt  to  restore  the  foundation  through 
grouting  beneath  the  invert.  Voids  were  found  varying  from  Yz  to  iYi  in  indicating 
that  the  initial  operation  had  not  given  complete  support,  necessitating  a  second  grout 
application,  using  a  neat  cement  with  1  percent  Betonite  added.  In  addition,  to  be 
certain  of  filling  all  existing  voids,  pressures  up  to  125  lb  were  used.  Following  the 
second  grouting,  another  series  of  diamond  drill  cores  were  taken.  This  time  we  found 
no  voids  existing  under  the  invert,  indicating  success.  Only  time  and  traffic  will  deter- 
mine whether  the  undertaking  will  he  fully  successful.  .Ml  grouting  was  completed  on 
February   27,   1964. 

Structural  problems  were  not  the  only  ones  we  encountered  on  this  realignment 
project.  Several  extensive  hillside  earth  movements  occurred  both  before  and  alter 
traffic  was  placed  on  the  new  line.  Near  the  second  .siding  out  of  Oroville,  at  a  place 
named  Elsey,  a  major  hillside  of  volcanic  rubble,  which  overlaid  a  clay-like  talc  strata, 
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started  moving.  Immediately  following  the  first  hillside  movement,  several  ground  sepa- 
rations along  the  hillside  slope  occurred,  the  slip  depositing  some  60,000  cu  yd  of  material 
in  the  subgrade  area.  The  state's  engineers,  through  their  soils  engineers  and  con- 
sultants, attempted  to  correct  the  hillside  movement  through  use  of  subterranean  drain- 
age and  flattening  the  slopes,  with  little  success.  Soon  after  track  construction  began,  a 
second  side  occurred  at  the  same  location,  this  time  depositing  some  20,000  cu  yd  of 
material  in  the  track  subgrade  area.  At  this  stage.  Western  Pacific  engineers  took  over 
and  through  a  planned  relocation  of  the  track  alignment  to  an  area  some  180  ft  north, 
including  restoration  of  the  hillside  tee  support  and  rearrangement  of  subterranean 
drains,  stabilization  of  the  hillside  was  accomplished,  eliminating  any  further  movement 
of  the  load  above. 

Hillside  and   Stream   Problems  in   Mountain  Railroading 

Some  17  mi'.es  beyond  the  end  of  the  Oroville  relocation  project,  we  find  an  en- 
tirely different  ground  formation,  ccnsisting  of  granite  of  a  very  broken  and  rotten 
character,  known  locally  as  decomposed  granite.  When  dry,  the  material  has  the  hard- 
ness of  rock.  When  in  contact  with  water,  however,  it  readily  disintegrates  and  flows 
like  coarse  sand,  quickly  settling  cut  of  suspension  at  any  drop  in  the  velocity  of  flow, 
the  accumulation  again  becoming  a  reck-like  formation.  Hillsides  of  this  material  exist 
along  portions  of  our  main  track  through  the  Sierra  Nevadas.  Excessive  rainfall  during 
late  1962  and  early  1963  built  up  underground  water  streams  to  an  overflowing  condi- 
tion. One  of  these  decomposed  granite  hillsides  at  a  Ir  cation  called  rock  creek,  which 
suddenly  turned  into  "hillside  springs,"  began  flowing.  Water  laden  with  decomposed 
granite  overflowed  the  main  track  nearby,  and  deposited  some  1200  cu  yd  of  the  granite 
in  the  track  area  each  24  hr.  This  all  had  to  be  leaded  and  hauled  away,  as  Highway 
40-A  was  directly  below  the  track  and  the  source  of  the  trouble  above. 

Many  methods  were  tried  to  overcome  and  stop  this  granite — water  flow,  including 
use  of  half-round  pipe  in  an  attempt  to  divert  the  flow,  use  of  driU  points  to  tap  the 
hillside,  excavation  and  hauling  away — all  with  no  success.  In  desperation,  we  attempted 
to  intercept  the  underground  water  channel  through  a  spring  outcropping  in  the  hillside 
east  or  north  of  the  run.  Through  use  of  square  sets,  a  tunnel  was  driven  into  the  slope 
area.  We  were  successful  in  locating  the  underground  water  course  and  relieving  the 
blockage  in  the  underground  channel,  which  immediately  stopped  the  surfacing  of  the 
flow  from  the  hillside  area.  To  assure  overall  correction,  the  water  tunnel  was  opened 
well  into  the  channel,  then  lined,  and  an  end  portal  well  hole  constructed,  from  which 
runoff  was  piped  under  the  main  track  to  the  river.  The  hillside  slope  was  then  stabilized 
by  re-establishing  the  toe  support  thrcugh  construction  of  a  12-ft  high  crib  wall,  using 
reclaimed  4-  by  12-in  creosoted  timber,  and  then  backfilling  the  cribs  with  excess  de- 
composed granite  removed  from  the  main  track,  thereby  eliminating  any  sloughing  off 
of  the  unsupported  hillside. 

On  a  single  track  railroad,  the  lining  of  tunnels  having  small  bores  to  permit 
handling  the  many  high-wide  loads  being  offered  today,  is  a  real  problem,  especially 
if  conventional  forms  are  used  for  the  reinforced  concrete  lining.  Western  Pacific  has 
met  this  challenge  by  developing  precast  concrete  .'ections  for  lining  tunnels  while  con- 
tinuing to  handle  the  traffic  that  may  be  offered  for  movement;  also  to  keep  down  the 
cost  of  our  lining  activities. 

We  have  used  these  precast  sections  laid  close  together  to  extend  the  tunnel  barrel 
as  a  portal.  Our  next  use  will  involve  the  lining  of  a  tunnel  in  heavy  ground  where  the 
concrete  precast  ribs  will  be  placed  on  3-ft  0-in  centers,  using  2-in  by  12-in  by  36-in 
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Precast  concrete  rib  sections  being  used  to  extend  tunnel  barrel.  After 
two  half  ribs  are  placed,  they  are  connected  by  a  poured-in-place  concrete 
crown  key. 
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prestressed  concrete  planks  behind  the  ribs  as  lagging.  The  material  will  cost  $125  per 
foot,  with  labor  not  expected  to  exceed  the  cost  of  material,  all  of  which,  if  our  plan 
succeeds,  will  permit  a  considerable  saving  over  our  former  method  of  using  formed 
reinforced  concrete.  Such  saving  is  expected  to  be  over  $100  per  foot  of  lining.  Of 
added  importance  is  the  fact  that  there  will  be  no  need  to  restrict  dimensions  of  loads 
during  the  construction  period. 

Midwa}'  up  the  mountain,  near  a  mountain  resort  named  Keddie  (in  memory  of 
the  surveyor  who  first  conceived  the  route  now  followed  by  Western  Pacific  down  the 
Feather  River  canyon)  Spanish  Creek  winds  its  way  down  the  mountain  along  the  West- 
ern Pacific  to  join  Indian  Creek  and  waters  out  of  Lake  Almanor,  which  begin  the 
north  fork  of  the  Feather  River.  For  years  this  stream  has  followed  its  original  course 
and  caused  no  problems.  During  the  heavy  rainfall  and  accompanying  fast  stream  runcff 
of  the  fall  of  1962,  this  creek  became  a  raging  torrent  of  water  which  was  diverted  out 
of  the  stream  channel  by  a  large  section  of  original  rock  outcropping  in  the  channel, 
eroding  away  the  outlet  end  bank  support  for  a  12-  by  12-ft  timber  construction  water 
tunnel,  causing  near  loss  of  main  track  embankment.  This  obstruction  had  been  in  the 
channel  since  construction  of  the  railroad  in  1908.  The  rock  outcropping  was  removed, 
thereby  straightening  the  stream  flow,  and  the  water  tunnel  was  replaced  by  a  120-in 
tunnel  plate  liner,  the  invert  outlet  end  and  slope  to  Indian  Creek  gunited  to  retain 
slope  area. 

Near  the  top  of  the  mountain  another  original  construction  problem  which  the 
constructor  left  to  others  cropped  out.  At  M.P.  315  near  Clio,  Calif.,  a  deep,  wet  and 
rotten  earth  ravine,  encircled  upstream  by  a  soft  and  wet  talc-like  clay  material,  was 
originally  spanned  by  a  long,  high  timber  trestle.  After  the  original  construction,  the 
timber  trestle  was  replaced  by  a  36-in  pipe  and  backfilled  in  place,  with  no  evidence  of 
any  of  the  timber  having  been  removed.  Some  SO  years  later,  during  the  late  fall  rains 
of  1962,  embankment  failure  occurred,  as  the  timbers  failed  from  age  and  rotting,  col- 
lapsing the  drain  pipe,  after  which  the  embankment  dropped  into  the  void  in  the  failed 
trestle  area.  Our  attention  was  first  called  to  the  area  when  a  track  gang  passed  over  it 
early  one  morning  on  patrol  duty,  following  a  24-hr  traffic  lull  due  to  a  heavy  rainfall 
which  resulted  in  washouts  and  slides,  and  tied  up  the  main  track.  The  patrol  crew 
found  the  subgrade  had  dropped  some  14  in.  in  surface,  with  the  main  track  swinging 
for  the  length  of  some  125  ft. 

Investigation  disclosed  no  drainage  opening  existing  throughout  the  embankment. 
All  drainage  had  to  percolate  through  the  fill,  causing  both  vertical  settlement  and 
horizontal  slippage  of  the  fill  area — all  on  a  very  poor  supporting  natural  ground  ma- 
terial. Subterranean  drainage  was  necessary  to  attempt  to  intercept  hillside  drainage, 
together  with  an  opening  to  pass  the  drainage  through  the  railroad  embankment  to  the 
low  side  of  the  ravine  on  the  south.  We  placed  some  210  ft  of  10-in  perforated  pipe 
main  with  890  ft  of  8-in  perforated  pipe  leads  up  the  hillside  into  springs  and  the  water 
pocket  area,  diverting  drainage  into  a  60-in  tunnel  plate  liner  pipe,  171  ft  long,  through 
the  40-ft  embankment  fill  and  extended  by  a  48-in  corrugated  iron  pipe  at  the  lower 
end  so  as  to  pass  drainage  from  the  high  to  the  low  side  and  along  the  old  ravine  or 
natural  ground  area.  The  upstream  end  of  the  60-in  tunnel  plate  liner  was  buried  some 
8  ft  below  ground  with  a  vertical  inlet  to  pick  up  surface  drainage. 

Western  Pacific,  as  are  other  carriers  operating  through  mountainous  terrain,  is 
always  on  the  lookout  for  movements  of  overhead  rock  formations  through  which  we 
must  pass,  which  movements  are  usually  in  the  form  of  rock  slides.  Such  a  hillside 
movement  happened  early  one  morning  at  a  siding  known  as  Camp  Rodgers,  located  SO 


Address    of    F.    R.    Woolford 


773 


Subterranean  drains  being  installed  along  hillside  slope. 
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Outlet  end  of  60-in  tunnel  plate  liner  as  mined  under  embankment. 
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miles  up  the  mountain,  while  a  freight  train  was  waiting  on  the  main  track  for  a  meet 
with  an  eastbound  freight.  The  rock  movement  reached  the  main  track,  depositing  some 
3,000  cu  yd  of  large  and  small  boulders,  mixed  with  volcanic  rubble,  on  the  land  side 
of  the  train,  derailing  several  cars,  two  of  which  went  over  the  bank,  finally  coming 
to  rest  in  the  Feather  River.  One  of  these  two  cars  was  loaded  with  fertilizer  which  was 
wasted  in  the  river,  much  to  the  delight  of  many  young  rainbow  trout  swimming 
nearby. 

Our  investigation  after  the  slide  occurred  showed  loose  volcanic  reck  overlying  an 
unstable  and  broken  rock  formation,  which  was  most  difficult  to  scale  to  any  slope  that 
would  stand.  Further  investigation  disclosed  that  this  formation  extended  over  -l^  mile 
uphill  above  our  main  track — all  volcanic  rubble  overlying  a  rock  formation.  Several 
open  cracks  appearing  in  the  overlying  reck  mantle  gave  evidence  of  movement  in  the 
past,  with  fresh  rock  showing  as  an  indication  of  recent  movement  of  the  mantle  above 
the  track  area. 

Thank  you  for  your  attention.  (Applause) 


Chairman  Dowe:  Thank  you,  Mr.  Woolford,  for  a  most  interesting  talk  on  some 
problems  not  encountered  by  many  of  us. 

Mr.  President,  this  concludes  the  report  of  Committee  8.  Since  this  also  concludes 
my  term  as  chairman  of  Committee  8,  I  should  like  to  introduce  the  new  chairman  and 
vice  chairman  of  this  committee.  R.  J.  Brueske,  division  engineer,  Chicago,  Milwaukee, 
St.  Paul  &  Pacific  Railroad,  Milwaukee,  Wis.,  is  the  new  vice  chairman,  and  J.  R.  Wil- 
liams, engineer  of  bridges,  Chicago,  Rock  Island  &  Pacific  Railroad,  Chicago,  is  the  new 
chairman  of  Committee  8. 

President  Loggins:  Thank  you,  Mr.  Dowe.  Your  committee  has  made  many  im- 
portant investigations  on  its  own,  and  with  the  help  of  the  AAR  research  staff,  and  we 
hope  these  investigations  will  continue  at  an  accelerated  pace.  We  are  particularly 
pleased  with  the  alertness  with  which  your  committee  polices  its  chapter  in  the  Manual, 
to  keep  it  in  step  with  new  developments  and  best  practices. 

And  thank  you,  Mr.  Woolford,  for  your  interesting  slides  and  comments  on  "Dif- 
ficulties  Experienced  in   Railroading  in   the  West." 

Mr.  Dowe,  our  special  thanks  to  you  for  your  service  as  chairman  of  Committee  8 
for  the  past  three  years.  You  have  given  the  committee  splendid  leadership  in  its  work. 
But  since  you  must  now  relinquish  your  chairmanship,  we  are  pleased  to  welcome  your 
successor,  Mr.  Williams,  and  the  new  vice  chairman  of  your  Committee,  Mr.  Brueske. 

Mr.  Williams,  as  a  symbol  of  your  new  authority  in  Committee  8,  I  should  like  to 
present  you  with  this  chairman's  gavel,  which  bears  the  inscription,  "J.  R.  Williams, 
Chairman  AREA  Committee  8,  1964-1966." 

Mr.  Dowe,  your  committee  is  now  excused  with  the  thanks  of  the  Association. 
[Applause] 

Discussion  on  Iron  and  Steel  Structures 

[For  report,  see  Bulletin   S83,  pages  381-389] 

President  Loggins:  Moving  along,  we  come  now  to  the  report  of  another  of  our 
important  structural  committees.  Committee  IS — Iron  and  Steel  Structures.  I  shall  ap- 
preciate it  if  the  members  of  this  committee  will  come  to  the  speaker's  table  as  quickly 
as  possible. 
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The  chairman  of  Committee  15  is  C.  Xeufeld.  engineer  of  bridges,  Canadian  Pacific 
Railway,  at  Montreal,  and  I  ask  that  he  and  his  reporting  subcommittee  chairmen  take 
places  here  as  near  the  podium  as  possible. 

Mr.  Neufeld,  you  may  proceed. 

Chairman  C.  Neufeld:  Mr.  President,  members  of  the  Association  and  guests: 

The  annual  report  of  Committee  15  is  published  in  Bulletin  583,  pages  381  to  389, 
incl.  Progress  or  status  reports  have  been  presented  on  all  assignments,  but  to  save  time 
only  two  subcommittee  chairmen  will  present  their  reports  today. 

Assignment  1 — Revision  of  Manual 

Ch.mrman  Neufeld:  The  report  on  Assignment  1  will  be  presented  by  the  chairman 
of  the  subcommittee,  E.  S.  Birkenwald,  engineer  of  bridges.  Southern  Railway. 

E.  S.  Birkenwald:  Mr.  President  and  gentlemen: 

Your  committee  submits  for  adoption  Manual  material  found  in  Bulletin  583,  pages 
382-383,  and  presents  as  information  on  page  383,  Manual  material  to  be  considered  for 
adoption  and  publication  one  year  hence. 

The  revisions  listed  for  the  Specifications  for  Steel  Railway  Bridges  and  for  Mov- 
able Railway  Bridges  are  all  editorial  in  nature,  involving  corrections  or  omissions  in 
the  Manual  material  approved  in  past  years  by  the  Association.  The  revision  in  the 
Specifications  for  Structural  Joints  Using  High-Strength  Steel  Bolts  in  Steel  Railway 
Bridges  concerns  correction  of  an  inconsistency  in  the  commentary  to  agree  with  the 
text  of  the  specification. 

Mr.  President,  I  move  that  the  revisions  to  the  Specifications  for  Steel  Railway 
Bridges,  the  Specifications  for  Movable  Railway  Bridges,  and  the  Specifications  for 
Structural  Joints  Using  High-Strength  Steel  Bolts  in  Steel  Railway  Bridges,  as  published 
in  Bulletin  583,  pages  382-383,  be  adopted  for  publication  in  the  Manual,  and  that, 
with  these  revisions,  these  parts  of  Chapter  IS  of  the  Manual  be  reapproved. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Mr.  Birkenwald:  The  revision  of  Manual  material  presented  as  information  re- 
sulted from  inquiry  by  a  writer  of  textbooks  in  structural  engineering,  calling  attention 
to  the  inconsistency  of  the  two  interaction  formulas  used  in  Chapter  IS — one,  in  .\rt. 
29,  Sec.  A,  of  the  Specifications  for  Steel  Railway  Bridges,  and  the  other  in  Art.  10, 
page  lS-4-2,  of  the  Specifications  for  the  Design  of  Rigid-Frame  Steel  Bridges. 

The  proposed  revision  u.ses  the  form  of  the  interaction  formula  in  .Art.  10,  page 
lS-4-2,  which  is  somewhat  more  liberal,  but  which  is  felt  to  be  well  within  .safe  limits 
for  design.  The  present  Art.  29,  Sec.  A,  of  the  Specifications  for  Steel  Railway  Bridges 
has  been  used  for  many  years,  but  that  in  itself  is  no  recommendation  for  its  con- 
tinued use. 

Logically,  the  revised  .\r{.  20,  being  made  con.sistent  with  .Ail.  10  of  the  Specifica- 
tions for  the  Design  of  Rigid-Frame  Steel  Bridges,  makes  more  sen.se  and  is  more  in 
keeping  with  the  physical  action  which  takes  place  when  a  member  is  subjected  to  both 
bending  and  axial  stresses. 

It  is  hoped  that  during  this  coming  year  members  of  the  .Association,  as  well  as 
other  structural  engineers  who  are  interested  in  structural  members  subjected  to  both 
bending  and  axial  stresses,  will  consider  this  revi.sion,  letting  the  committee  have  their 
comments  within  the  next  six-month  period  for  its  consideration  before  presenting  this 
revision  for  adoption  and  publication  at  the  Association's  next  annual  meeting. 
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Assignment  4 — Stress  Distribution  in  Bridge  Frames:  (a)  Truss  Bridge 
Research  Project 

Chairman  Neufeld:  The  report  on  Assignment  4  will  be  presented  by  the  chairman 
of  the  subcommittee,  E.  T.  Franzen,  assistant  to  chief  engineer,  Missouri  Pacific  Railroad. 

E.  T.  Franzen:  It  appears  that  this  report  on  the  Truss  Bridge  Research  Project 
may  be  the  final  one.  At  a  meeting  in  July  1963,  members  of  the  Advisory  Committee 
of  the  Truss  Bridge  Research  Project  were  advised  that  approximately  $160,000  of  finan- 
cial support  would  be  required  to  continue  the  work  on  specified  projects  over  a  period 
of  two-and-a-half  to  three  years.  A  review  of  all  possible  sources  of  funds  indicated 
that  it  would  be  difficult  or  impossible  to  raise  this  amount  of  money.  The  Advisory 
Committee  could  not  agree  to  abandon  the  project  but  did  decide  that  an  attempt 
would  be  made  to  secure  additional  funds,  and  that  a  meeting  would  be  held  early  this 
year  to  discuss  the  future  of  the  project.  To  our  knowledge,  no  effort  has  been  made  to 
obtain  these  additional  funds  and  no  date  set  for  a  meeting  of  the  Advisory  Committee. 
Furthermore,  the  project  suffered  a  severe  loss  in  the  resignation  of  its  director.  Dr.  John 
Ely.  It  will  be  very  difficult  to  find  a  replacement  for  him  considering  the  status  of  the 
project. 

The  formal  report  of  this  subcommittee  advises  that  the  series  of  tests  on  damaged 
end  posts  has  been  completed  and  summarizes  the  results  of  these  tests.  The  complete 
reports  on  the  work  of  the  Truss  Bridge  Research  Project  have  been  or  are  being  pre- 
pared, and  will  be  published  in  periodicals  or  proceedings  of  ASTM,  ASCE  and  AREA. 

Chairman  Neufeld:   Are  there  any  questions  or  comments  on  this  report? 

D.  H.  DowE  (Seaboard  Air  Line):  Do  I  understand  that,  in  connection  with  this 
project,  the  trusses  and  equipment  will  be  maintained  intact  until  it  is  decided  definitely 
whether  or  not  the  project  will  be  ended? 

Mr.  Franzen:  As  I  understand  it,  the  truss  bridge  itself  and  the  property  on  which 
it  is  erected  will  revert  to  Northwestern  University.  They  have  indicated  that  they 
won't  have  need  for  the  land  for  some  ten  years,  so  it  isn't  likely  that  the  truss  bridge 
will  be  dismantled  in  the  near  future. 


Chairman  Neufeld:  Mr.  President,  your  committee  would  now  like  to  present  a 
special  feature  as  part  of  its  report  to  the  convention. 

One  of  the  questions  which  railway  bridge  engineers  are  frequently  asked  is  why  we 
still  design  bridges  for  the  same  live  loads  which  were  adopted  many  years  ago,  in  spite 
of  the  fact  that  the  loading  changed  drastically  when  diesel  power  replaced  steam.  The 
correct  answer  to  this  question  involves  a  review  of  the  past  history  of  railway  loads,  a 
knowledge  of  current  loadings,  and  a  forecast  of  the  loads  which  the  bridge  may  be 
required  to  carry  during  its  life,  which  may  cover  a  span  of  80  to  100  years. 

Our  special  speaker  will  outline  this  story  for  you  today.  He  is  D.  V.  Messman, 
assistant  to  chief  engineer.  Southern  Railway,  and  immediate  past  chairman  of  Com- 
mittee 15.  Mr.  Messman. 
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The   History  of  Railroad  Live  Loads  on  Bridges 

By  DAVID   V.   MESSMAN 

Assistant  to   Chief   Engineer,   Southern   Railway   System 

Gentlemen: 

Railroads  as  we  consider  them  in  this  country  began  when  steam  [)ower  was  suc- 
cessfully adapted  to  railroad  use  in  the  1830's. 

There  is  much  historical  literature  on  railroad  engines  and  cars,  but  the  loading 
record  is  often  omitted  or  made  secondary  to  the  interests  of  mechanical  development, 
model  building  or  other  fields.  What  we  see  in  any  subject  depends  on  what  we  look 
for.  In  Slide  1,  for  example,  we  can  see  two  prongs,  or,  if  we  wish,  three  prongs. 

We  shall  look  at  railroad  equipment  with  an  effort  to  visualize  the  loads  and  their 
effect  on  bridges.  Slide  2  shows  at  upper  left  a  teeter-totter,  but  turned  over  we  have  a 
simple  beam  (upper  right)  with  one  center  load.  Both  act  the  same  but  the  effect  may 
be  better  visualized  in  the  teeter-totter.  The  bending  or  twisting  effect  at  or  near  the 
center  of  the  beam  or  span  is  the  one  effect  of  loading  we  shall  consider.  Other  effects 
tend  to  be  proportional. 

Note  the  letters  A  to  G  labelling,  along  the  right-hand  side,  a  series  of  progressive 
load  positions  of  three  loads.  The  bottom  figure  has  one  third  the  bending  of  the  top 
figure,  A,  because  of  the  increasing  spacing  between  loads.  This  reduction  is  not  sudden ; 
instead  it  is  progressive  down  the  slide.  The  same  principle  holds  for  any  group  of 
loads  on  a  span,  i.e.,  bending  decreases  with  increase  in  the  spacing  of  the  loads. 

The  first  century  of  our  live  loads  had  steam  power  in  the  dominant  role.  Slide  3 
is  a  partial  list  of  steam  locomotive  types  as  classified  by  wheel  arrangement.  The 
symbol  shows  from  left  to  right  the  pilot  axles  by  open  circles,  the  driving  axles  by 
solid  circles,  and  the  trailing  axles  by  open  circles.  Drivers  were  of  much  significance 
because  of  their  customary  heavy  weight  and  close  spacing.  The  symbol  is  read  in  terms 
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STEAM  LOCOMOTIVE  TYPES 
,o-  AMERICAN 

ATLANTIC 

TEN-WHEEL 

PACIFIC 

HUDSON 
...  TWELVE-WHEEL 

MOUNTAIN 

NORTHERN 

MASTODON 

SOUTHERN  PACIFIC 

UNION  PACIFIC 

COLUMBIA 

MOGUL 

PRAIRIE 
...  CONSOLIDATION(COOPER)  o... 
..o  MIKADO 

BERKSHIRE 
...  DECAPOD 
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...oo  TEXAS 
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lO-WHEEL  SWITCHER 

....c  MALLET 


...  ... 
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oo  YELLOWSTONE 

••  ••oo  BALTIMORE  AND  OHIO 
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of  number  of  wheels.  The  American  at  top  left,  for  example,  is  a  4-4-0  engine  having 
4  pilot  wheels,  4  driving  wheels  and  no  trailing  wheels.  Further  down  the  left  column 
is  a  Consolidation  2-8-0  engine  whose  wheel  arrangement  formed  the  basis  of  our  pres- 
ent specified  live  load.  Cooper  E  72. 

Slide  4  shows  this  E  72  loading  to  two  scales.  The  top  line  is  scaled  to  show  about 
450  ft  across  the  screen.  The  axles  are  in  two  repeating  groups,  each  weighing  511,200 
lb.  The  letter  "K"  is  the  abbreviation  of  kip,  which  designates  1000  lb.  The  solid  line 
represents  a  uniform  load  of  7.2  kips  per  foot  of  track,  specified  for  convenience  in  lieu 
of  concentrated  loads.  The  bottom  scale  is  the  same  thing  enlarged  to  show  about  150 
ft  across  the  screen.  Individual  axles  from  left  to  right  are  .56  kips,  4  at  72  kips  each, 
etc.  As  now  used  this  axle  series  means  only  a  standard  load,  there  being  no  such  actual 
load.  It  had  its  origin,  however,  from  doubled  Consolidation  steam  engines  with  their 
tenders.  When  first  commonly  used  some  80  years  ago,  the  usual  Cooper  load  was  E  30, 
with  heaviest  axle  of  30  kips,  and  other  loads  in  proportion.  The  number  of  the  E  load- 
ing is  the  weight  in  kips  of  the  heaviest  axles.  The  ratio  of  loads  to  each  other  and 
their  spacing  remain  the  same.  In  this  slide  and  those  that  follow  the  area  of  black  is 
proportional  to  weight. 

Slide  5  shows  the  enlarged  scale  of  E  72  loading  at  the  top  for  comparison.  Next  is 
a  typical  1837  train,  having  a  4-2-0  engine  weighing  20  kips,  a  two-axle  10  kip  tender, 
and  cars  weighing  10  kips.  Two-axle  cars  of  this  kind  were  mostly  replaced  by  four- 
axle  cars  in  the  1850's.  By  1870  the  typical  new  box  car  weighed  70  kips  loaded,  and 
ISO  kips  by  1900.  The  effect  of  this  load  increase  was  offset  somewhat  by  cars  becom- 
ing longer.  Car  loading  in  recent  years  has  become  the  controlling  factor  in  loading 
considerations,  as  we  shall  sec  later. 

The  next  line  shows  two  typical  locomotives  of  1870  vintage.  Next  below  is  a  heavy 
Mikado  2-8-2  with  a  six-axle  tender  and  next  a  Texas  2-10-4  with  an  eight-axle  tender. 

Slide  6  again  shows  E  72  loading  above  for  reference.  Next  below  is  an  electric 
locomotive  having  many  axles  of  weight  lighter  than  steam  power  of  the  period.  Later 
electrics  tended  toward  wheel  arrangements  now  used  on  diesel-electrics.  The  next  two 
lines  shows  772-kip  and  774-kip  Mallet  locomotives.  Note  the  87-kip  driving  axles  on 
the  second  of  these.  At  the  bottom  is  the  outline  of  a  Triplex  locomotive  included  as  an 
oddity  in  arrangement  of  wheels,  which  arc  shown  scaled  to  their  dimensions  without 
regard  to  weight.  There  is  no  .separate  tender  as  such — instead  the  tender  is  built  partly 
over  the  third  set  of  drivers.  This  slide  and  the  previous  slide  include  .some  of  the 
heaviest  steam  locomotives.  They  had  as  much  effect  on  spans  of  certain  lengths  as  a 
Cooper  E  83  loading. 

Slide  7  shows  both  scales  of  the  E  72  load  at  the  toj).  Next  below  are  two  .scales 
for  a  378-kip  Santa  Fe.  Note  that  on  a  span  a  little  more  than  20  ft  long,  all  five  driv- 
ing axles  would  be  on  the  span  while  an  E  72  loading  would  put  only  four  driving 
axles   on   such    a   span.   M    this   span    length,   therefore,   we   can   expect    the  comparative 
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effect  of  the  Santa  Fe  to  be  increasing  in  terms  of  Cooper  loading.  Next  below  are  two 
scales  for  a  doubled  447-kip  Northern,  and  at  the  bottom  two  scales  for  four  diesel- 
electric  units.  This  slide  compares  quite  heavy  diesel-electric  power  with  steam  power 
which  was  not  the  heaviest  by  any  means.  Note  the  completely  different  load  grouping 
for  the  diesel-electrics. 

Slide  8  shows  a  plotting  of  the  effect  of  the  loadings  of  Slide  7,  all  in  terms  of  a 
Cooper  E  load  which  would  produce  the  same  maximum  moment  near  the  center  of 
each  given  span  length.  Note  the  climb  in  E  rating  of  the  Santa  Fc  which  we  men- 
tioned could  be  expected  to  begin  in  the  vicinity  of  20-ft  span  length.  Each  rating  has 
its  own  peculiar  ups  and  downs.  The  .surprising  thing  is  not  how  much  different  but 
how  much  alike  these  loadings  are,  and  that  the  Cooper  system  is  still  such  a  convenient 
measure  and  such  a  consistent  system  for  our  specifications. 

Slide  9  shows  first  the  two-scale  E-72  loading,  then  two  scales  for  train  of  210-kip 
ore  cars.  These  are  not  heavy  cars  but  are  very  short.  They  rate  high  on  long  spans. 
The  286-kip  cars  shown  next  are  somewhat  longer  but  they  too  rate  high  on  long 
spans.  At  the  bottom  are  two  scales  for  a  ,<84-kip  derrick.  The  load  of  three  axles  with 
8.5  ft  truck  wheel  base  is  a  severe  condition  on  short  spans. 

Slide  10  shows  this  high  short-span  rating  of  the  derrick  and  the  increase  in  rating 
of  straight  car  loading  for  the  long  spans. 

Slide  11  shows,  below  the  E  72  load,  a  1050-kip  Schnabel  loading.  The  shipment  is 
hung  between  two  special  cars,  each  with  7  axles  at  75  kips  each.  Next  below  are  two 
scales  for  two  735-kip  cars  separated  by  a  44-kip  .spacer.  At  the  bottom  are  two  scales 
showing  two  654-kip  cars  without  spacer.  These  loadings  are  representative  of  shipments 
that  our  industry   wants  moved  and  of  shipments  that   have  moved. 
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Slide  12  shows  the  rating  of  these  car  loadings.  Note  that  they  approach,  and  in 
one  case  exceeds,  E  00.  Much  effort  and  expense  is  involved  in  trying  to  spread  such 
loads  on  more  axles  and  longer  cars.  For  each  two  steps  in  this  direction  one  is  lost  by 
having  added  more  weight  which,  in  turn,  needs  spreading  out. 

The  last  slide  is  a  repeat  of  Slide  11.  If  you  remember  any  one  thing  of  this  pre- 
sentation, let  it  be  those  rows  of  black  balls  on  this  slide. 

What  of  the  future?  I  have  the  optimistic  view  that  railroad  business  will  wear  out 
our  bridges  both  from  use  and  from  obsolescence.  An  important  factor  will  be  the  effect 
of  numerous  repetitions  of  large  stress  variations  imposed  on  short  span  bridges  as 
heavier  cars  go  into  regular  operation.  This  may  make  some  of  our  bridges  obsolete. 

An  increase  in  our  specification  live  load  will  not  show  an  immediate  return  but 
with  a  small  additional  cost  may  add  many  years  to  the  useful  life  of  our  new  bridges. 
We  should  increase  our  specified  loading  to  Cooper  E  80.   [Applause] 


Chairman  Neufeld:  Thank  you,  Mr.  Messman. 

I  shall  call  upon  J.  M.  Hayes,  professor  of  structural  engineering,  Purdue  Univer- 
sity, to  thank  the  speaker. 

J.  M.  Hayes:  Chairman  Neufeld  asked  me  to  say  a  few  words  of  thanks  to  our 
member  and  cohort,  Dave  Messman,  for  this  fine  presentation  calling  your  attention  to 
the  importance  of  one  of  the  most  intangible  subjects  we  have  in  the  whole  field  of 
structures,  namely,  the  matter  of  what  loading  to  use.  It  calls  for  the  wisdom  of  Solo- 
mon and  the  patience  of  Job. 

Dave,  the  committee  is  grateful  to  you  for  your  fine  presentation  and  your 
recommendations. 
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Chairman  Neufeld:  Mr.  President,  this  concludes  the  report  of  Committee  IS  and 
my  term  as  chairman.  The  new  chairman  is  G.  W.  Salmon,  engineer  of  bridges,  Sea- 
board Air  Line  Railroad,  and  the  new  vice  chairman  is  D.  L.  Nord,  engineer  of  design, 
Illinois  Central  Railroad.  Please  accept  my  congratulations  and  best  wishes,  gentlemen. 

President  Loggins:  Thank  you,  Mr.  Neufeld  and  your  committee,  for  another 
group  of  valuable  reports.  Your  committee  carries  a  heavy  responsibility,  not  alone  to 
American  railroads  but  to  railroads  around  the  world,  which  look  to  and  rely  on  your 
recommendations  with  respect  to  ail  aspects  of  the  design,  construction  and  maintenance 
of  steel  structures.  It  is  evident  that  your  committee  does  not  take  this  re.sponsibiiity 
lightly. 

And  thank  you,  Mr.  Messman,  for  your  discourse  on  Live  Loading  of  Railroad 
Bridges.  You  have  made  a  valuable  contribution  to  the  record  on  this  important  subject. 

Mr.  Neufeld,  you  have  given  especially  able  direction  to  the  work  of  Committee  15 
during  the  past  three  years,  and  have  well  earned  the  relief  which  now  comes  through 
stepping  back  into  the  ranks  of  the  committee.  However,  we  know  that  the  future  work 
of  the  committee  will  be  in  good  hands  under  its  new  chairman,  Mr.  Salmon,  and  its 
new  vice  chairman,  Mr.  Nord. 

Mr.  Salmon,  in  order  to  assist  you  in  the  conduct  of  committee  meetings  for  the 
next  three  years,  I  want  you  to  have  this  chairman's  gavel,  which  bears  your  name  and 
the   words,   "Chairman.   .\RE.\   Committee    IS,    1064-1966." 

Mr.  Neufeld,  your  committee  is  now  excused  with  the  thanks  of  the  .Association. 
[Applause] 


President  Loggins:   We  shall  now  recess  for  lunch.  I  am  going  to  ask  that  Com- 
mittee 30  present  its  report  immediately  after  lunch. 
[The  meeting  recessed  at  noon.] 

Annual  Luncheon 
Tuesday,   March   10,   1964 

[The  .Annua!  Luncheon  of  the  .Association  was  held  in  the  Great  Hall,  beginning  at 
12:15  pm.  .At  the  main  speaker's  table  were  seated  the  officers  of  the  Association,  several 
past  presidents,  and  a  number  of  special  guests.  At  a  long  table  immediately  in  front  of 
the  main  speaker's  table  were  seated  the  chairmen  of  the  Association's  22  standing  and 
special  committees.  In  greeting  those  at  the  Luncheon,  President  Loggins  spoke  as 
follows:] 

President  Loggins:  Members  of  the  .American  Railway  Engineering  .Association  and 
guests:  Welcome  to  this  .Annual  Association  Luncheon.  This  is  not  the  largest  .Annual 
Luncheon  held  by  our  .Association,  but  we  expect  it  to  be  among  the  most  enjoyable. 

Seated  here  at  our  speaker's  table  are  your  officers,  those  of  our  past  presidents  who 
could  be  present,  and  a  number  of  special  gue-sts,  all  of  whom  will  be  introduced  imme- 
diately after  this  luncheon.  At  that  time,  also,  I  expect  to  he  able  to  announce  to  you 
the  results  of  our  election  of  officers  for  the  ensuing  year.  Until  then,  I  hope  wc  will 
all  enjoy  our  luncheon  together. 

[Luncheon  was  served.  .After  the  luncheon  President   Loggins  spoke  as  follows:] 

President  Loggins:  .As  president  of  the  .American  Railway  P^ngineering  .Association, 
I  welcome  you  here  to  this  .Annual  Luncheon  of  the  .A.ssociation.  1  shall  now  introduce 
those  at  the  Speaker's  Table.  .As  your  name  is  called,  please  stand  momentarily.  .Ap- 
plause  should   be   withheld    until   all   have   been   introfluced. 
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[President  Loggins  then  introduced  those  at  the  Speaker's  Table.] 

President  Loggins:  (continuing):  I  shall  now  recognize  the  chairmen  of  our  22 
standing  and  special  committees  seated  at  the  long  table  immediately  in  front  of  me.  I 
do  not  say  introduce,  because  all  these  men  are  well  known  to  most  of  you.  But  I  do 
want  to  recognize  them  in  appreciation  of  the  service  which  they  render  to  this  Associa- 
tion through  the  leadership  and  direction  which  they  give  to  our  committees.  Each  one 
should  stand  as  his  name  is  read  and  remain  standing  until  all  have  been  presented. 
Again,  to  preserve  time,  please  withhold  your  applause  until  the  last  of  our  chairmen 
has  been  presented. 

[Mr.  Loggins  then  presented  those  at  the  chairmen's  table,  after  which  he  intro- 
duced the  Annual  Luncheon  speaker,  as  follows:] 

President  Loggins:  Our  principal  speaker  today,  Mr.  B.  S.  Sines,  is  an  engineer  by 
education  and  by  training.  He  is  a  native  of  Detroit,  Mich.;  graduated  in  civil  engi- 
neering from  Cornell  University  and  later  attended  the  Advanced  Management  Pro- 
gram, Graduate  School  of  Business  Administration,  at  Harvard  University.  He  began  his 
career  in  1921  as  a  chainman  in  the  engineering  department  of  the  Union  Pacific  Rail- 
road and  transferred  to  the  Illinois  Central  Railroad  and  worked  as  instrumentman  until 
1925  when  he  started  a  colorful  career  with  the  Southern  Pacific  Company. 

After  serving  as  assistant  engineer,  executive  assistant,  trainmaster,  assistant  super- 
intendent and  then  executive  representative  in  California  and  Utah,  Mr.  Sines  was  made 
vice  president  of  Southern  Pacific  Company  of  Mexico  in  1048  with  headquarters  in 
Guadalajara,  Mexico.  A  short  time  later  he  became  president  of  Southern  Pacific  of 
Mexico,  in  which  capacity  he  served  until  March  1952  when  those  properties  were  sold 
to  the  Mexican  Government.  He  was  then  elected  vice  president  of  the  Texas  &  New 
Orleans  Railroad  Company,  with  headquarters  in  Houston,  Tex.,  and  became  executive 
vice  president  in  January  1955. 

The  Texas  &  New  Orleans  Railroad  Company  was  consolidated  with  Southern  Pa- 
cific Company  in  November  1961,  and  Mr.  Sines  was  elected  vice  president.  Southern 
Pacific  Company,  with  headquarters  in  Houston.  He  is  chairman  of  the  board  of  South- 
ern Pacific  Transport  Company,  president  of  the  Rio  Bravo  Oil  Company,  and  presi- 
dent of  the  Te.xas  Town  Lot  Company.  Mr.  Sines  is  chairman  of  the  Executive  Com- 
mittee of  the  Texas  Railroad  Association.  For  two  years  he  served  as  chairman  and  is 
now  a  trustee  of  the  Tax  Research  Association  of  Houston  and  Harris  County  and  also 
was  chairman  for  two  years  and  is  now  a  trustee  of  the  Texas  Research  League,  and 
for  a  number  of  years  has  been  a  trustee  of  the  Southwest  Research  Institute. 

It  has  been  my  privilege  and  my  pleasure  to  have  worked  with  Mr.  Sines  during 
the  past  12  years.  He  has  a  thorough  understanding  of  our  engineering  and  maintenance 
problems  and  I  am  pleased  to  present — Mr.  B.  S.  Sines,  vice  president.  Southern  Pacific 
Company,  Houston,  Tex.  Mr.  Sines. 


Transportation  Goals 

By  B.  S.  SINES 

Vice   President,    Southern   Pacific   Company 

Mr.  President,  officers  and  members  of  American  Railway  Engineering  Association, 
distinguished  guests — ladies  and  gentlemen: 

This  is  indeed  a  genuine  privilege  and  an  opportunity  to  meet  with  you  today.  To 
be  asked  to  speak  to  you  is  also  an  unexpected  honor  which  I  had  never  thought  to 
experience  when  I  first  started  to  study  the  Manual  of  accepted  practices,  when  I  at- 
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tended  convention  meetings,  and  when  I  browsed  through  the  equipment  exhibits  some 
40  years  ago,  here  in  Chicago.  At  that  time  I  was  engaged  in  my  first  railroad  service, 
in  the  Chicago  Terminal  Improvement  Department  of  the  Illinois  Central  Railroad,  here 
in  Chicago  and  on  the  Lake  Michigan  lakefront.  May  I  be  pardoned  for  mentioning 
that  one  of  my  jobs  was  to  stake  the  location  of  the  electrical  catenary  structures  that 
carry  the  power  trolley  wires  throughout  the  Illinois  Central  electrical  zone,  from  the 
Chicago  River  to  South  Chicago,  Matteson  and  Blue  Island?  The  honor  of  appearing 
here  today  is  particularly  appreciated  because  the  opportunity  comes  to  me  through  Mr. 
Lee  Loggins,  chief  engineer  for  Southern  Pacific  in  Texas  and  Louisiana,  who  has  been 
president  of  AREA  during  the  12-month  period  just  concluded.  Southern  Pacific  is 
proud  of  the  distinction  and  honor  your  Association  has  conferred  upon  Lee — and,  Lee, 
we  are  proud  of  the  fact  that  you  have  so  ably  discharged  your  duties  as  president.  I 
believe  this  echoes  the  sentiments  of  your  general  membership. 

I  have  elected  to  speak  about  "Transportation  Goals" — and  when  I  tell  you  that,  I 
am  impelled  to  state  that  this  is  certainly  not  a  new  and  novel  subject  to  be  presented 
to  the  .\RE.\.  In  preparing  for  this  talk,  I  have  reviewed  several  of  the  speeches  made 
in  recent  months  and  years  by  our  industry's  leaders  on  similar  occasions,  and  I  may 
say  that  the  subject,  "Transportation  Goals,"  is  fairly  well  plowed  ground.  I  would 
hope,  however,  by  the  simple  device  of  repetition  and  reminder  to  ask  you  who  hear 
this  to  rededicate  yourselves  to  continue  the  task  of  furthering  our  industry's  best  inter- 
ests toward  the  adoption,  or  attainment,  of  those  "Transportation  Goals"  we  have 
identified  and  set  for  ourselves.  I  would  hope  to  inspire  the  members  of  this  Association 
who  are  here  today,  and  who  hear  this,  some  600  in  number,  perhaps.  Through  you,  I 
would  hope  to  reach  some  of  the  membership  of  the  Association  who  may  review  the 
printed  record  of  these  Proceedings,  some  3,500  in  number  perhaps;  and,  finally,  I 
would  hope  to  recruit  to  continuing,  and  rededicatcd.  and  vocal  and  strident  partisan- 
ship several  tens  of  thousands,  or  even  hundreds  of  thousands,  of  employes  and  officers 
of  our  industry.  In  this  connection,  we  can  find  great  encouragement  in  the  positions 
taken  by  former  President  Kennedy,  and  by  President  Johnson  in  their  suggestions  for 
and  support  of  legislation,  designed  to  remove  inequities  in  the  national  transportation 
picture. 

I  would  suggest,  as  a  springboard,  that  we  contemplate  our  material  accomplish- 
ments in  plant  and  equipment,  and  miss  no  opportunity  to  talk  about  these  accom- 
plishments. As  a  prelude  to  this  suggestion,  let  me  point  out  that  during  the  last  30 
years  the  railroads  have  lost  contact  with  a  considerable  portion  of  the  people  of  this 
nation.  Prior  to  1030,  all  Americans  were  railroaders  at  heart  because  most  journeys 
on  this  continent,  long  or  short,  had  to  be  made  by  railroad  and  train.  In  our  big  cen- 
ters of  population,  which  were  also  the  hubs  of  commutation,  and  short  and  long- 
distance travel,  the  names,  numbers,  routes  of  passenger  trains,  and  railroad  company 
nicknames  were  widely  known.  In  the  smaller  towns  and  villages  of  the  nation,  the  ar- 
rival of  the  local  passenger  train,  or  mixed  train,  was  a  .social  and  important  daily 
event.  Progress,  in  the  forms  of  air  travel,  the  automobile,  and  bus,  and  the  elaborate 
road  and  highway  systems  now  girdling  our  country,  removed  the  dependence  of  the 
nation  on  railroads  for  passenger  travel.  Right  then,  I  think,  there  started  a  loss  of 
communication  and  contact  between  the  people  and  the  railroads  which  we  must  recog- 
nize, and  which  we  must  strive  to  overcome. 

To  meet  this  situation  I  am  suggesting  that  there  is  a  hard  core  of  railroad  .ship- 
pers, legislators,  local,  state  and  federal  government  authorities,  newspaper  and  maga- 
zine  writers  and   publishers,   leaders  of   thought  and   opinion  in   our  communities,   who 
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should  know,  and  who  would  like  to  know  the  things  we  can  tell  them.  This  should  be 
one  of  our  goals.  Which  brings  us  back  to  mentioning  some  of  those  accomplishments. 
Here  I  may  speak  occasionally  with  a  Southern  Pacific  accent,  but  certainly  these 
things  are  found  throughout  our  industry  and  you  have  only  to  be  reminded  of  them 
to  recall  that  many  of  these  applications  are  widespread,  or  in  process  of  adoption. 

The  greatest  single  piece  of  railroad  advertising  occurred  here  in  Chicago,  in  Octo- 
ber, last  year  at  the  American  Railway  Progress  Exposition.  The  Exposition  was  a  mag- 
nificent kaleidoscope  of  present  and  future  progress,  and  it  received  favorable  and  glow- 
ing notices  throughout  the  nation.  Its  exhibits  encompassed  the  whole  spectrum  of 
railroad  operation,  maintenance  and  control.  The  remarks  and  comments  of  the  many 
prominent  people  who  attended  the  Exposition  were  highly  complimentary,  and  they 
predicted  continuing  and  expanding  progress  for  the  industry. 

The  public  is  well  informed  about  the  diesel  revolution  and  the  disappearance  of 
the  steam  locomotive.  They  possibly  do  not  know  about  the  second  diesel  go-around 
which  we  are  now  undertaking  with  heavier  locomotives  ranging  from  2,000  to  5,500 
hp  per  unit. 

The  public  should  know  about  recent  advances  on  roads  using  electricity  as  a  source 
of  power  for  individual  car  propulsion,  and  for  electric  locomotives.  The  designers  and 
manufacturers  of  this  equipment  have  progressed  through  mercury  arc  rectifiers,  ignitron 
type  rectifiers  and,  recently,  solid  state  silicon  rectifiers  on  cars  and  locomotives,  so  that 
the  a-c  power  delivered  by  the  wire  transmission  system  is  converted  to  d-c  current  on 
the  power  units  themselves.  This  enables  the  use  of  d-c  motors  whose  favorable  operat- 
ing characteristics  were  developed  incidentally  through  their  use  in  diesel-electric  power. 
This  development,  also,  is  a  hedge  against  the  day,  if  and  when  it  should  come  to  pass, 
that  electrification  may  substitute  for  the  world's  diminishing  supply  of  liquid  fuels. 

Electronics  has  had  widespread  application  in  railroad  communication  and  opera- 
tion. On  Southern  Pacific  we  have  used  microwave  since  1957,  and  we  are  presently 
completing  a  794-mile  microwave  facility  that  will  handle  all  principal  communication 
facilities  such  as  inter-city  telephone  dialing,  teletypewriter,  data  transmission,  central- 
ized traffic  control  and  remote  control  for  radio  base  stations,  between  principal  points  in 
California. 

Installation  of  centralized  traffic  control  has  been  carried  on  for  many  years  past  on 
American  railroad  main-line  sections.  Southern  Pacific  completed  346  miles  of  CTC  in 
1963  on  our  San  Joaquin  and  Sacramento  Valley  lines.  CTC  itself  has  been  continually 
improved,  and  in  the  sections  completed  last  year,  trains  approaching  one  another  ad- 
vance on  signals  they  automatically  clear  by  their  forward  progress,  and  the  timing  is 
so  precise  that  half  the  train  meets  are  made  non-stop. 

Electronics  has  wide  application  in  classification  yard  construction,  and  in  the  past 
10  years  United  States  railroads  have  installed  40  automatic  and  semi-automatic  classifi- 
cation yards  at  key  points.  In  some  recent  installations,  notably  the  one  in  Southern 
Pacific's  Englewood  Yard  in  Houston,  Tex.,  radar  and  computers  measure  and  control 
the  speed  of  cars  leaving  the  hump  track,  so  that  the  cars  can  be  eased  automatically  to 
a  gentle  coupling  on  the  proper  track. 

Electronics  and  computer  systems  have  moved  into  our  yard  offices,  agency  of- 
ces,  and  accounting  departments,  with  the  result  that  management  can  now  call  up 
almost  instantaneously  a  great  range  of  information.  Television,  which  is  used  to  observe 
train  and  yard  movements,  and  infrared  detectors  spotting  overheated  bearings  on  pass- 
ing equipment,  are  other  electronic  tools  of  a  modern  railroad.  Southern  Pacific  put  into 
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operation  in  January  of  this  year  a  "scanninK"  machine  which  actually  reads  a  printed 
document,  transmitting  information  to  a  magnetic  tape  or  to  computer  cards. 

Continuing  our  accomplishment  theme,  the  American  railroads  have  invested  many 
billions  of  dollars  in  modernization  of  plant  and  equipment.  A  good  part  of  this  money 
went  into  rolling  stock,  mostly  special-purpose  vehicles,  and  generally  cars  with  larger 
ratio  of  loaded  weight  to  tare  weight.  Whereas  30  years  ago  we  were  limited  to  a  few 
basic  freight  cars,  today  we  have  specialized  equipment  to  handle  commodities  that  move 
in  volume.  My  railroad,  Southern  Pacific,  for  instance,  gives  shippers  a  wide  choice  of 
cars,  including  covered  gondolas,  multi-level  auto  rack  cars,  aluminum  hoppers,  covered 
hoppers  of  aluminum  and  stainless  steel,  air-slide,  dry-flo  and  pneumatic  hoppers,  de- 
pressed center  flats,  mechanical  reefers,  coil  cars,  heavy-duty  open  gons,  hydra-cushion 
boxcars,  pigg>'back  cars,  bin  cars,  wood-chip  cars,  jumbo  tank  cars,  and  the  giant  Hy- 
cube  Hydra-cushion  cars.  These  Hy-cubes  are  93  ft  8  in  long,  17J^  ft  high,  and  were 
designed  by  Southern  Pacific  engineers  to  carry  bulky  but  fragile  auto  parts.  Each  car 
has  a  payload  capacity  of  10,000  cu  ft,  and  for  quick  freight  handling  it  has  two  20-ft 
doors  on  each  side  of  the  car. 

Many  millions  of  dollars  have  gone  into  development  of  roadway  maintenance 
equipment  designed  to  eliminate  the  drudgery  from  railroad  construction  and  mainte- 
nance, and  to  do  an  overall  better  job,  and  longer  lasting,  with  greater  economy.  The 
industry  now  has  available  and  is  using  electronically  controlled,  automatic  tamping 
machines.  We  have  machines  capable  of  inserting  new  tics  in  track,  at  the  same  time 
ejecting  the  old  ties.  There  are  ballast  regulators  and  ballast  cleaners,  rail-laying  ma- 
chines, and  weed  and  brush  control  devices  and  chemicals,  mechanical  spikers,  and  a 
variety  of  other  devices  developed  to  save  money  and  reduce  costs,  .\gain  we  are  grate- 
ful to  the  October  Railway  Progress  Exposition  for  having  set  up  the  opportunity  to 
crystallize  and  summarize  progress  in  this  phase  of  our  industry. 

The  point  to  be  put  over  in  connection  with  our  vast  improvement  and  self-help 
programs  is  that  the  railroads,  confident  of  their  future  position  in  this  nation,  have 
fashioned  a  wonderfully  efficient  transportation  machine.  This  machine  is  capable  of 
producing  transportation  service  for  movement  of  commodities  in  large  volume  and 
heavy  tonnage  at  costs  considerably  lower  than  those  of  our  competitors — private  car- 
riage, trucks  and  water  carriers.  It  is  thoroughly  uneconomic  and  un-American  to  be 
forced  to  maintain  a  rate  level  merely  to  protect  our  less  efficient  competitors.  The  pub- 
lic is  entitled  to  the  lower  rates  the  railroads  are  prepared  to  offer.  This  is  the  Transpor- 
tation Goal  of  greatest  importance  and  highest  priority  for  our  industry. 

You  can  be  sure  that  the  railroad  industry  fully  recognizes  its  responsibility  to  con- 
tinue to  find  ways  to  reduce  its  cost  of  operation,  to  increase  its  efficiency,  to  improve 
its  service  and  to  price  its  transportation  at  the  lowest  possible  levels.  You  can  be  sure 
we  recognize  that  only  in  this  way  can  we  contribute  most  to  the  economic  growth  of 
our  nation  and  share  most  fully  in  that  growth. 

Earlier  in  this  talk  I  mentioned  that  President  Johnson's  views  arc  favorable  to 
our  industry's  program.  I  shall  read  to  you  a  part  of  his  January  21  letter  to  Senator 
Magnuson  and  Congressman  Harris,  the  two  chairmen  of  the  two  committees  who  are 
considering  the  enabling  legislation: 

"Other  legislative  propo.sals  have  been  introduced  but  have  not  yet  been  enacted. 
Xone  of  the  unenacted  proposals  is  more  important  to  the  economy  of  the  Nation  than 
those  dealing  with   minimum   rates  applicable  to  agricultural  and  bulk  commodities. 

"Under  your  leadership,  the  House  Committee  on  Interstate  and  Foreign  Commerce 
has  held  extensive  hearings  on  these  bills.  I  hope  you  will  find  it  possible  to  report  out 
a  bill  soon. 


790  Annual    Luncheon 


"There  has  been  certain  improvement  in  the  economic  health  of  the  transportation 
industry  during  the  past  year.  Nevertheless,  the  many  basic  inequities  among  the  vari- 
ous modes  of  transportation  must  be  removed,  if  the  travelers  and  shippers  are  to  have 
available  a  wide  choice  of  low-cost  and  high-quality  transportation  services. 

"Our  tangled  transportation  policies  must  be  reformed.  Necessary  changes  should 
be  directed  to  the  achievement  of  a  fast,  safe,  and  economical  transport  system.  This 
system  must  respond  to  changing  private  and  public  demands,  at  the  lowest  costs  con- 
sistent with  the  public  interest." 

Another  paragraph  in  the  President's  letter  reads  as  follows: 

"In  addition  to  proposals  designed  to  assure  greater  freedom  for  competition,  there 
are  before  your  committee  a  number  of  other  proposals  transmitted  last  year  to  improve 
the  operation  and  essential  regulation  of  the  transportation  industry.  I  firmly  support 
the  basic  principles  reflected  in  these  proposals.  As  a  result  of  its  extensive  work  on 
these  proposals  during  the  last  session  of  Congress,  your  committee  has  undoubtedly 
formed  judgments  about  the  order  of  priority  and  the  most  appropriate  formulation  of 
these  proposals." 

The  minimum  rate  proposal,  to  which  President  Johnson  referred,  was  originally 
contained  in  H.R.  4700,  introduced  with  the  support  of  the  late  President  Kennedy.  This 
bill  would  have  extended  to  railroads  exemption  from  ICC  regulation  of  their  minimum 
rates  on  agricultural  products,  fishery  products  and  bulk  commodities.  Motor  carriers 
now  enjoy  complete  freedom  from  Commission  regulation  of  their  rates  on  the  first  two 
items,  and  water  carriers  have  similar  complete  exemption  on  bulk  commodities.  On 
February  6,  the  House  Interstate  and  Foreign  Commerce  Committee  reported  favorably 
a  substitute  bill,  H.R.  9903.  This  bill,  among  other  things,  removes  from  Commission 
economic  regulation  the  transportation  by  all  modes  of  carriers  of  agricultural  and  fish- 
ery products,  with  a  provision  that  all  rates  for  such  transportation  be  filed  with  the 
Commission.  It  does  not,  however,  extend  the  water  carrier  bulk  commodity  exemption 
to  other  forms  of  transportation,  although  it  does  restrict  it  somewhat.  The  railroad  in- 
dustry is  supporting  H.R.  9903  as  a  step  in  the  right  direction,  even  though  it  does  not 
give  the  railroads  the  degree  of  equality  of  regulation  which  the  original  Kennedy  pro- 
posal would  have  provided. 

Our  industry  hopes  that  high  priority  will  be  extended  also  to  still  another  Trans- 
portation Goal,  which  would  eliminate  discriminatory  ad  valorem  taxation.  This  situa- 
tion prevails  in  a  number  of  our  states  where  railroad  property  is  assessed  at  levels 
several  times  higher  than  the  taxes  on  non-railroad  property.  This  is  the  situation  illus- 
trated by  a  study  appearing  in  the  December  9,  1963,  issue  of  Railway  Age,  showing  that, 
in  24  states  and  in  the  year  1961,  railroads  had  been  taxed  over  $100,000,000  more 
than  they  otherwise  would  have  paid,  had  they  been  taxed  at  rates  equal  with  those  of 
their  neighbors.  This  is  also  the  situation  where  railroads  are  heavily  taxed  on  their  fa- 
cilities and  rights  of  way,  while  their  competitors,  the  highway  and  water  carriers  and 
air  lines,  use  routes  and  terminal  facilities  provided  and  maintained  at  public  expense. 
The  taxes  and  user  charges  assessed  against  our  competitors  for  the  use  of  these  public 
routes  and  facilities  are  usually  inadequate  and  result  in  deficits  which  must  be  covered 
by  taxes  collected  from  the  public,  including  the  railroads.  These  situations  should  be 
corrected  by  assessment  of  adequate  user  charges. 

You  are  familiar  also  with  the  situation  where  federal  and  state  regulations  impose 
harsh  restrictions,  or  prohibitions,  against  railroads  which  do  not  apply  to  our  competi- 
tors. I  refer  here  to  our  inability  to  diversify  freely,  or  not  at  all,  into  the  competing 
forms  of  transportation  on  highways  and  waterways,  and  in  the  air.  The  railroads  are 
also  urging  legislation  prohibiting  for-hire  transportation  by  private  carriers. 
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The  railroad  industry  has  identified  several  additional  legislative  objectives,  each 
important  in  the  areas  invoked,  some  responsive  to  the  march  of  events,  others  designed 
to  meet  special  conditions.  Much  of  this  legislation  should  be  enacted  because  it  is  right 
and  proper;  some  ma\'  require  concerted  industr>'  action,  commencing  at  the  local 
level. 

And  now  I  should  like  to  change  the  pace  of  this  talk  by  reading  you  some  poetry. 
I  am  sure  it  has  never  been  done  at  an  AREA  meeting,  but  I  think  you  will  agree  that 
this  poem  has  significance.  Rudyard  Kipling  was  one  of  my  favorite  authors  during  my 
early  reading  years,  and  this  is  a  poem  I  read  then,  and  have  recalled  many  times 
since.  Kipling  based  this  poem  upon  an  incident  that  occurred  in  the  journeyings  of 
Jesus  Christ,  when  he  stopped  at  the  home  of  Lazarus  at  Bethany  to  eat  and  rest.  There 
were  two  sisters — Mary  and  Martha.  Mary  was  less  than  industrious,  while  Martha  "was 
busy  about  much  serving."  Martha  complained  about  this  unfair  division  of  labor;  but 
was  rebuked  for  her  shrewishness.  Kipling  used  this  incident  to  compose  his  "The  Sons 
of  Martha,"  and  in  so  doing,  I  believe,  established  Martha  as  the  patron  saint  of 
artisans,  mechanics,  and  builders,  and  even  such  people  as  mechanical  engineers,  electri- 
cal engineers,  and  civil  engineers — particularly  civil  engineers,  I  have  always  thought. 

The   Sons  of  Mary   seldom   bother,  for  they  have  inherited  that  good  part ; 

But  the  Sons  of  Martha  favour  their  Mother  of  the  careful  soul  and  the  troubled 

heart. 
And  because  she  lost  her  temper  once,  and  because  she  was  rude  to  the  Lord  her 

Guest, 
Her  Sons  must   wait   upon   Mary's  Sons,  world   without  end.  reprieve,  or  rest. 

It  is  their  care  in  all  the  ages  to  take  the  buffet  and  cushion  the  shock. 

It  is  their  care  that  the  gear  engages;  it  is  their  care  that  the  switches  lock. 

It  is  their  care  that  the  wheels  run  truly;  it  is  their  care  to  embark  and  entrain. 

Tally,  transport,  and  deliver  duly  the  Sons  of  Mary  by  land  and  main. 

They  say  to  mountains,  "Be  ye  removed."  They  say  to  the  le.sser  floods,  "Be  dry." 
Under  their  rods  arc  the  rocks  reproved — they  are  not  afraid  of  that  which  is  high. 
Then  do  the  hill-tops  shake  to  the  summit — then  is  the  bed  of  the  deep  laid  bare. 
That  the  Sons  of  Mary  may  overcome  it,  pleasantly  .sleeping  and  unaware. 

They    finger    death    at    their    gloves'   end    where    they    i)iecc    and    rcpiece    the    living 

wires. 
He  rears  against  the  gates  they  tend;  they  feed  him  hungry  behind  their  fires. 
Early  at  dawn,  ere  men  see  clear,  they  stumble  into  his  terrible  .stall. 
And  hale  him   forth  like  a  haltered  steer,  and  goad  and  turn  him  fill  evenfall. 

To   the.se   from   birth   is   Belief   forbidden;   from   these  till  death   is   Relief  afar. 
They  are  concerned   with   matters  hidden — under  the  earthline  their  altars  are — 
The  .secret   fountains  to  follow  up,  waters  withdrawn  to  restore  to  the  mouth. 
And  gather  the  floods  as  in  a  cup.  and  pour  them  again  at  a  city's  drouth. 

They   do   not   preach    that    their   (Jod   will   rouse   them   a   little   before   the   nuts   work 

loose. 
They  do   not   teach   that   His  Pity  allows  them  to  drop  their  job  when  they  dani'- 

well  choose. 
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As  in  the  thronKcd  and  the  lichtcd  ways,  so  in  the  dark  and  the  desert  they  stand, 
Wary   and   watchful   all   their  days  that   their   brethren's  days  may  be  long  in   the 
land. 

Raise  ye  the  stone  or  cleave  the  wood  to  make  a  path  more  fair  or  flat — 
Lo,  it  is  black  already  with  blood  some  Son  of  Martha  spilled  for  that ! 
Not  as  a  ladder  from  earth  to  Heaven,  not  as  a  witness  to  any  creed. 
But  simple  service  simply  given  to  his  own  kind  in  their  common  need. 

And  the  Sons  of  Mary  smile  and  are  blessed — they  know  the  .^nuels  are  on  their 

side. 
They  know  in  them  is  the  Grace  confessed,  and  for  them  are  the  Mercies  multiplied. 
They  sit  at  the  Feet — they  hear  the  Word — they  see  how  truly  the  Promise  runs. 
They  have  cast  their  burden  upon  the  Lord,  and — the  Lord  He  lays  it  on  Martha's 

Sons ! 

And  so,  we  can  all  be  Sons  of  Martha,  if  we  care  to  accept.  Thank  you.  [Applause] 


President  Loogins:  Thank  you,  Mr.  Sines,  for  your  most  interesting  and  informa- 
tive address.  One  of  the  main  purposes  of  the  AREA  is  to  benefit  the  railroad  industry, 
and  your  address  on  Transportation  Goals  is  very  timely  and  appropriate.  Knowing 
what  a  busy  schedule  you  have,  I  want  to  express  my  personal  appreciation,  and  the 
appreciation  of  the  Association,  to  you  for  taking  the  time  to  attend  our  convention  and 
brirg  us  this  splendid  address. 


President  Loggins  (continuing) :  During  the  course  of  our  Luncheon,  as  I  ex- 
pected, there  was  presented  to  me  by  J.  E.  Wiggins,  Jr.,  office  engineer.  Southern  Rail- 
way System,  and  chairman  of  our  Tellers  Committee,  an  official  copy  of  the  Report  of 
the  Tellers  [printed  in  full  elsewhere  in  this  issue  of  the  Bulletin]  giving  the  results  of 
our  1964  election  of  officers.  I  hold  this  report  in  my  hand,  and  should  like  to  read  the 
names  of  those  whom  you  have  selected  to  direct  the  overall  policies  of  our  Association 
for  the  coming  year.  As  I  read  their  names,  I  should  appreciate  their  standing  until  the 
last  of  the  names  on  the  list  have  been  read. 

[President  Loggins  then  read  the  names  of  the  newly  elected  officers  and  directors, 
continuing  as  follows:] 

President  Loggins:  I  should  now  like  to  read  the  names  of  the  five  elected  mem- 
bers of  the  Nominating  Committee  who,  together  with  the  five  most  recent  living  past 
presidents  of  our  Association,  will  constitute  the  Nominating  Committee  as  a  whole  for 
the  1965  election. 

[President   Loggins   then   read   the   names,   continuing  as   follows:] 

President  Loggins:  Our  new  officers  will  be  installed  at  the  Closing  Business  Ses- 
sion of  our  convention,  which  we  expect  will  get  underway  at  noon  tomorrow,  and  may 
be  completed  about  12:30.  I  hope  that  many  of  you  will  be  present  at  that  ceremony. 
Before  adjourning  this  Luncheon,  I  should  like  to  remind  you  that  our  afternoon  ses- 
sion will  convene  immediately  in  the  Gold  Room.  We  have  an  interesting  program 
ahead  of  us  this  afternoon,  which  includes  the  reports  of  five  of  our  committees,  three 
of  them  with  special  features,  so  I  ask  that  you  assemble  promptly.  The  Luncheon  is 
now  adjourned. 
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Afternoon   Session,   March    10,    1964 

[The   meeting   reconvened   at   2:20   pm,   President   Loj;j;ins   presiding.] 
President  Locgins:   Will  the  meetinu  please  come  to  order. 

Discussion  on  Impact  and  Bridge  Stresses 

[K.ir  rt-i)'>rl.   -^■<-   Hullflin   .SSI,   pas.-s   187    IMOl 

President  Loggins:  The  next  report  will  be  that  of  Committee  M — Impact  and 
Bridge  Stresses,  the  chairman  of  which  is  J.  W.  Davidson,  engineer  of  bridges,  Chicago, 
Burlington  &  Quincy  Railroad,  with  headquarters  in  Chicago.  Mr.  Davidson,  if  you 
and  the  members  of  your  committee  will  come  promptly  to  the  platform,  I  shall  turn 
the  meeting  over  to  you  without  further  comment. 

Ch.airm.an  J.  W.  D.avidson:   Mr.  President,  members  of  the  Association  and  guests: 

Again  this  year.  Committee  30  must  report  that  shortage  of  funds  allocated  to 
structural  research  projects,  has  severely  limited  the  progress  on  this  committee's  assign- 
ments. This  comes  about  because  our  research  budget  must  be  financed  entirely  out  of 
railroad  earnings.  This  is  completely  unlike  the  situation  in  the  air  line  industry,  where 
a  committee  appointed  by  President  Johnson  has  recommended  that  the  federal  govern- 
ment put  up  90  percent  of  the  estimated  5  to  6  billion  dollar  cost  of  developing  a 
supersonic  civilian  passenger  plane.  The  railroads  will  therefore  find  themselves  being 
taxed  to  pay  for  their  competitors'  research  at  the  same  time  that  their  own  research 
efforts  are  curtailed  for  lack  of  money. 

This  committee  is  reporting  on  four  of  its  ten  assignments  at  this  time.  .^11  of  these 
are  progress  reports  and  are  presented  as  information. 

Assignment  2 — Steel  Truss  Spans 

Chairman  Davidson:  The  AAR  research  staff  made  a  field  test  to  verify  the  effec- 
tiveness of  work  previously  done  to  reinforce  certain  members  of  a  truss  bridge  to  per- 
mit operation  of  165-ton  hot-metal  cars.  As  a  result,  further  reinforcement  was  found 
to  be  necessary,  and  a  second  service  test  will  be  made  after  the  new  strengthening 
work  is  completed.  This  investigation  is  being  done  at  the  expense  of  the  owning 
railroad. 

Assignment  4 — Longitudinal  Forces  in  Bridge  Structures 
Chairman  Davidson:  During  the  past  year,  the  AAR  research  staff  conducted  field 
tests  on  a  prestressed  concrete  trestle,  on  the  Seaboard  Air  Line  Railroad,  which  included 
measurements  for  the  determination  of  longitudinal  forces.  The  bridge  consisted  of  seven 
bents,  with  three  22-in  hexagonal  prestressed  piles  per  bent.  While  the  data  from  these 
tests  are  still  being  analyzed,  the  preliminary  findings  indicate  that  the  longitudinal 
forces  from  traction  and  braking  were  apparently  largely  carried  through  the  rails  into 
the  approach  embankment,  rather  than  causing  bending  in  the  piling.  P'urther  tests  of 
longitudinal  forces  arc  planned  later  this  year,  when  a  600-fl-long  concrete  trestle  on 
the  Santa  Fe  Railway  is  completed.  This  bridge  will  have  no  double  bents,  and  should 
provide  valuable  information  on  the  effect  of  braking  forces  on  a  long  trestle. 

Assignment  6 — Concrete  Structures 

Chairman    Davidson:    Publication    of    Report    No.  ER-.<6   in   June   constitutes   the 

major   work    done   under   this   a.s.signment   during    196.^.  The    paper   analyses   the    results 

obtained    from    the   testing   at    the   .^.AR    Laboratory   of  IS    full-size   prestre.'vsed,   preten- 
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sioned  concrete  beams  measuring  18  in  deep,  15  in  wide  and  19  ft  long.  The  beams  were 
subjected  to  both  static  and   repeated  load  tests. 

Two  of  the  important  variables  in  prestressed  concrete — level  of  prestress  and 
size  of  strands — were  investigated.  A  prestressing  force  of  70  percent  of  ultimate  strand 
strength  was  applied  to  beams  having  strands  of  -j^-in,  I'lj-in,  and  J/2-in  diameter. 
Another  group  of  beams,  with  J/^-in  strands,  had  a  prestress  force  of  only  50  percent 
of  ultimate  strand  strength.  The  static  tests  showed  that  cracking  loads  and  deflections 
are  affected  by  the  level  of  prestress  but  not  by  the  size  of  strand.  The  ultimate  load 
under  static  condition  ranged  from  2.5  to  3.0  times  design  load,  with  no  apparent 
influence  from  either  of  the  variables  being  considered. 

In  the  repeated  load  tests,  it  was  learned  that  level  of  prestress  does  influence 
fatigue  strengths.  You  will  be  interested  in  knowing  that  fatigue  loads  ranged  from 
1.3  to  1.8  times  design  loads,  with  the  higher  values  applying  to  the  beams  having  the 
greater  prestressing  force.  It  is  important  to  know  that  conclusions  could  not  be  drawn 
on  the  effect  of  strand  size  on  fatigue  strength.  Additional  funds  have  been  requested 
in  order  that  further  study  may  be  given  to  this  variable. 

A  field  investigation  to  determine  the  dynamic  effects  of  a  test  train  on  two  Sea- 
board Air  Line  Railroad  bridges  was  conducted  by  the  AAR  research  staff  in  1963. 
Both  bridges  are  of  similar  trestle-type  construction  except  one  is  built  of  prestressed 
concrete  and  the  other  of  conventional  reinforced  concrete. 

The  prestressed  bridge  is  148  ft  long  consisting  of  six  24-ft  spans  composed  of 
hollow  box  beams.  For  comparison,  the  conventional  concrete  bridge  is  134  ft  long, 
having  7  spans  ranging  in  lengths  from  15  to  21  ft.  Both  bridges  consist  of  two  precast 
units  per  span,  with  a  joint  on  the  center  line  of  track. 

The  preparation  and  review  of  a  report,  which  will  include  a  comparison  of  these 
two  bridges  tested  under  identical  loading,  will  be  forthcoming  later  this  year.  While 
the  test  data  are  still  being  analyzed,  you  will  be  interested  in  knowing  that  the 
preliminary  findings  indicate: 

1.  Greater  impacts   were   recorded   in    the   conventional   spans. 

2.  Greater  stresses  were  recorded  under  the  70-  and  90-ton  loaded  hoppers  than 
under  the  4-axle  diesel  locomotives. 

3.  Load  distribution  across  the  slab  deck  was  fairly  uniform. 

4.  Bending  stresses  in  the  piling  caused  by  loads  moving  over  the  bridge  greatly 
exceeded  those  stresses  resulting  from  traction  and  braking. 

A  considerable  amount  of  field  testing  of  prestressed  concrete  bridges  is  being 
arranged  for  this  year.  As  plans  now  stand,  spans  varying  in  lengths  from  24  to  60  ft 
will  be  included  in  the  program.  Arrangements  have  already  been  completed  with  two 
railroads.  I  might  add  that  we  are  still  looking  for  prestressed  concrete  bridge  structures 
suitable  for  testing,  preferably  spans  over  40  ft  long  on  tangent  track  in  high-speed 
territory.  If  you  know  of  a  bridge  that  qualifies,  please  contact  Freeman  Drew  at  the 
AAR  Research  Center. 

Assignment  10 — Steel  Continuous  Structures 

Chairman  Davidson:  At  the  expense  of  Iowa  State  University,  the  AAR  Research 
Center  investigated  the  fatigue  strength  of  prestressed  steel  beams  having  composite 
concrete  top  flanges,  to  simulate  the  positive-moment  section  of  a  continuous  beam 
span.  The  beams  were  18-in  wide-flange  sections  of  A  36  steel,  with  a  cover  plate  of 
Tl  steel.  The  prestressing  was  accomplished  by  deflecting  the  18-in  beams  upward,  and 
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welding  the  cover  plate  to  the  bottom  flange  to  retain  the  induced  compression.  Under 
a  repeated  load  producing  a  stress  range  of  about  15,000  psi,  the  two  beams  failed  at 
the  lower  flange  weld  at  800,000  cycles  and   1,500.000  cycles,  respectively. 


This  completes  the  resume  of  this  committee's  work,  and  I  should  now  like  to 
introduce  the  subcommittee  chairmen.  Will  each  chairman  please  stand  and  be  recognized 
as  I  read  his  name. 

E.    S.    Birkenwald,    engineer   of    bridges,    Western    Lines,    Southern    Railway:    Sub- 
committee 2. 

D.  S.    Bechly,    assistant    to    engineer    of    bridges,    lUinois    Central    Railroad:    Sub- 
committee 3. 

J.  A.  Erskine,  assistant  bridge  and  building  engineer.  Gulf,  Mobile  &  Ohio  Railroad: 

Subcommittee  4. 
Professor   X.   M.   Newmark,   University   of   Illinois:    Subcommittee   5 
P.   L.   Montgomery,   division   engineer,   New   York,   Chicago   &  St.   Louis   Railroad: 

Subcommittee  6. 
C.  V.   Lund,  assistant   to  chief  engineer,  Chicago,  Milwaukee,  St.  Paul  and  Pacific 

Railroad:    Subcommittee   7. 
Professor  James  Michalos,  New  York  University:   Subcommittee  8. 

E.  R.   Andrlik,   bridge   designer,   .\tchison,   Topeka   &   Santa   Fe   Railway:    Subcom- 

mittee 9. 
E.   D.  Ripple,  senior  designer.  Long  Island  Railroad:   Subcommittee  10. 
N.  E.  Ekrem,  assistant  bridge  engineer,  Great  Northern  Railway:  Subcommittee  11. 

President  Loggins:  Thank  you,  Mr.  Davidson,  for  your  report.  Your  committee 
of  specialists  in  structural  design  has  long  had  an  important  place  in  our  .Association, 
doing  much  of  the  spadework  with  respect  to  impact  and  stresses  for  our  other  structural 
committees. 

We  are  sorry  that  so  much  of  your  planned  and  hoped-for  investigations  are 
hampered  because  of  the  lack  of  funds  for  research  and  tests.  We  must  find  a  way  to 
correct  this  situation  to  the  extent  that  your  projects  are  of  vital  importance. 

May  I  digress  here  just  long  enough  to  express  our  special  thanks  to  the  professors 
who  are  members  of  your  committee,  and  those  on  our  other  structural  committees. 
You  gentlemen  make  a  vitally  important  contribution  to  the  work  of  these  committees, 
and  we  want  you   to  know  that  it  is  deeply  appreciated. 

Mr.  Davidson,  your  committee  is  now  excused  with  the  thanks  of  the  .Association. 
[.Applause] 

Discussion  on  Buildings 

[For  report.  >cc   liullclin   582,   paRcs  HO  3371 

President  Loggins:  Our  next  report  is  that  of  our  Committee  6 — Buildings.  The 
chairman  of  this  committee  is  K.  E.  Hornung,  architect,  Chicago,  Milwaukee,  St.  Paul 
&  Pacific  Railroad.  Unfortunately  Mr.  Hornung  is  recuperating  from  a  spell  of  ill 
health  and  cannot  be  here  today.  In  his  absence  the  committee's  presentation  will  be 
made  under  the  direction  of  its  vice  chairman,  J.  W.  Hayes,  architect.  Great  Northern 
Railway,  at  St.  Paul,  Minn.  Mr.  Hayes,  we  are  glad  you  are  here  to  pinch-hit  for 
Mr.    Hornung. 

While  the  committee  is  coming  to  the  platform,  may  I  remind  all  of  you  that  you 
have  the  privilege  of  the  floor  to  ask  questions  or  make  comments.  When  doing  so, 
please  state  your  name  and  railroad  or  other  connection  for  the  record. 
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Mr.   Hayes,  you   may  proceed. 

Vice  Chairman  J.  W.  Hayes:   Mr.  President,  members  and  guests: 

Chairman  Ken  Hornung  regrets  he  is  unable  to  report  to  the  convention  today 
because  of  illness.  Nevertheless,  he  sends  his  greetings  to  all  in  attendance  at  this  time. 
We   wish  him  a  speedy   recovery. 

Assignment   1 — Revision   of  Manual 

Vice  Chairman  Hayes:  Extensive  revisions  in  the  Manual  have  been  made  over 
the  past  three  years  because  of  rapid  changes  in  new  methods  and  materials.  We  are 
moving  at  such  an  accelerated  pace  that  building  construction  data  require  constant 
revision.  During  the  past  year  Committee  6  concentrated  on  revising  additional  parts 
of  Chapter  6  of  the  Manual.  In  the  absence  of  Subcommittee  Chairman  W.  G.  Harding, 
architect,  Wabash  Railroad,  D.  A.  Bessey,  assistant  architect,  Milwaukee  Road,  will 
present  the  report  on  Assignment   1. 

D.  A.  Bessey  (for  W.  G.  Harding) :  Mr.  President,  Mr.  Chairman,  members  of  the 
Association,  and  guests: 

In  accordance  with  its  assignment,  your  committee  has  continued  its  review  of 
Chapter  6,  bringing  additional  specifications  up  to  date.  Our  recommendations  are 
printed  in  Bulletin  582,  pages  320  to  337,  and  briefly  stated  are  as  follows: 

In  Part  16  delete  pages  6-16-1  to  6-16-9,  incl.,  covering  a  single  specifications  for 
hot  water  and  steam  heating  systems,  and  substitute  therefore  separate  specifications 
for  steam  heating  systems  and  specifications  for  hot  water  heating  systems,  which  are 
printed  in  detail  on  pages  320  to  332  of  Bulletin  582. 

Also  in  Part  16  delete  pages  6-16-9  to  6-16-11,  incl.,  covering  specifications  for 
warm  air  and  blast  heating,  substituting  therefor  specifications  for  forced  warm  air 
heating  systems,  which  are  printed  in  detail  on  pages  3M  to  336  of  Bulletin  582. 

In  Part  19  add  to  page  6-19-8  a  new  Art.  5 — Prefabricated  Chimneys,  to  Sec.  D 
of  Specifications  for   Chimneys,  Flues  and  Vents. 

Mr.  President,  I  move  the  adoption  of  the  forgoing  deletions,  additions  and  revisions 
to  the  Manual. 

[The  motion  was  duly  seconded,  was  brought  to  a  vote,  and  carried.] 

Assignment  2 — Specifications  for  Railway  Buildings 

Vice  Chairman  Hayes:  We  are  preparing  a  report  on  portable  stations  to  add  to 
our  specifications  for  railway  buildings.  Railroads  are  installing  small  (12-  by  30-ft) 
prefabricated  metal  structures  for  use  as  freight  stations  on  lines  where  no  passenger 
service  exists.  These  buildings  can  be  moved  from  one  location  to  another  if  required 
because  of  discontinuance  of  freight  service.  In  some  cases  the  building  can  serve  in  a 
dual  capacity. 

Assignment  3 — Use  of  Synthetic  Resins  for  Adbesives  and  Coatings  in 
Connection  with  Railway  Buildings 

Vice  Chairman  Hayes:  Our  report  on  synthetic  resins  for  adhesives  which  will  be 
presented  next  March  will  be  based  on  construction  and  maintenance  applications  which 
have  been  found  satisfactory. 

In  the  epoxy  compounds  and  clastomeric  and  structural  adhesives  we  have  very 
versatile  chemicals  which  can  provide  products  with  a  wide  range  of  properties.  When 
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accurately    proportioned    and    applied    in    accordance    with    recommended    practice,    they 
can  be  useful  to  the  railroad  industry  for  roofs,  walls,  floors  and  furniture. 

This  subcommittee  is  continuinp  its  study  to  obtain  additional  information  to  meet 
our  construction  and  maintenance  requirements  for  adhesives,  ccatings,  sealants  and 
caulking. 

Assignment  4 — New  Advances  in  Paint  Products  for  Railway  Buildings 

Vice  Ch.mrm.a.v  H.wes:  V\'e  are  preparing  a  comprehensive  report  on  the  numerous 
synthetic  resin  paints  and  coating  systems  now  available,  such  as  alkyd  resins,  latex, 
acrylic,  epoxy,  vinyl  alkyd.  phenolic,  polyester  and  silicone  resins.  The  subcommittee 
will  continue  its  study  to  obtain  additional  data  to  report  on  to  meet  our  construction 
and  maintenance  requirements. 

Assignment  5 — Prestressed  Concrete  for  Railway  Buildings,  Collabo- 
rating with  Committee  8 

Vice  Chairman  Hayes:  Subcommittee  5  has  as  its  chairman  \V.  R.  Hyma,  assistant 
engineer,  Atchison.  Topeka  &  Santa  Fe  Railway,  who  will  make  a  brief  progress  report 
at  this  time 

\V.   R.   Hyma:    Mr.  President,   Mr.   Chairman,   members,  and  guests: 

The  report  of  your  subcommittee  on  the  use  of  prestressed  concrete  for  railway 
buildings  has  now  been  reviewed  by  the  full  committee  and,  except  for  a  few  minor 
revisions,   is   ready   to   be   submitted   for   publication  as   information. 

The  report  includes  background  material  on  the  characteristics  of  prestressed  con- 
crete and  its  development,  both  in  Europe  and  in  this  country.  The  advantages  or 
indications  for  use  are  discussed  from  the  standpoint  of  physical  properties  and  economic 
considerations.  .-Mso  discussed  are  the  disadvantages  or  limitations  on  use,  both  in  design 
and   construction. 

Another  section  deals  with  current  developments  in  the  field  of  prestressed  concrete, 
such  as  the  standardization  of  precast  sections,  and  its  use  in  curtain  wall  panels,  thin 
shell  roofs,  precast  trusses,  lift  slabs,  and  pavement  slabs.  Other  recent  developments 
include  extruded  sections,  composite  sections,  and  chemical  prestressing  of  pipes,  shells, 
and  panels. 

Various  specifications  and  codes  governing  design  and  construction  are  enumerated, 
and  reference  sources  are  listed. 

To  develop  the  extent  to  which  prestres.sed  concrete  has  been  employed  in  railway 
buildings,  a  questionnaire  was  sent  to  75  Class  I  Railroads.  Replies  were  received  from 
55  of  the  roads,  with  .55  reporting  no  use  to  date.  The  other  20  have  used  prestressed 
elements,  both  preten.sioned  and  post-tensioned,  in  some  51  buildings  constructed  between 
195,<  and  196.?.  .•Ml  of  these  structures  are  listed,  showing  the  type  of  prestressed  mem- 
bers, the  u.se  of  the  structure,  the  owning  railroad,  and  thi-  location. 

Assignment  6 — Use  of  Plastic  Materials  in  Railway  Buildings 

Vice  Chair.vian  Hayes:  \  nporl  is  being  prepared  on  the  various  types  of  plastics 
now  being  used  for  roof,  wall  and  ceiling  panels,  plastic  tile  floors,  and  laminated 
plastic  paneling  for  interiors,  counters,  doors  and  furniture.  The  subcommittee  is  con- 
tinuing its  study,  with  a  report  to  follow,  on  petrochemicals  s>uch  as  vinyl,  polystyrene, 
polyurethanes,  polyethylene,  acrylics  and  phenols. 
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Assignment  7 — Curtain   Wall  Construction  for  Railway  Buildings 

Vice  Chairman  Hayes:  A  report  is  being  prepared  on  the  many  different  types 
of  metal  and  precast  concrete  curtain  walls  being  used  for  office  buildings,  freight 
stations,  etc. 

Assignment  8 — Infrared  Ray  Heating,  Collaborating  with  Committee  18 

Vice  Chairman  Hayes:  The  subcommittee  is  compiling  information  on  existing 
infrared  ray  heating  installations  in  railroad  buildings,  and  a  report  is  also  being  pre- 
pared to  cover  new  electric  panel  heating  now  being  studied  by  manufacturers'  research 
engineers. 

Assignment  9 — Critical  Path  Method 

Vice  Chairman  Hayes:  This  is  a  new  assignment.  The  construction  industry  has 
recognized  the  Critical  Path  Method  as  the  most  effective  means  for  planning,  scheduling 
and  controlling  time  and  cost  of  construction  projects;  it  is  even  contemplated  to  require 
the  use  of  CPM  as  a  part  of  the  general  condition  of  a  contract  for  work.  A  report 
is  in  progress. 


Vice  Chairman  Hayes  (continuing):  Are  there  any  questions  from  the  floor?  If 
not,  at  this  time  Committee  6  presents  an  address  by  E.  J.  Stoll,  director,  real  estate 
and  industrial  development,  Milwaukee  Road,  as  a  special  feature.  Mr.  Stoll  directs  all 
industrial  development  work  as  well  as  all  real  estate  matters  for  the  Milwaukee  Rail- 
road, and  in  addition  is  in  charge  of  the  Townsite  and  Industrial  Division  of  the 
Milwaukee  Land   Company,  a  subsidiary  of  the  Milwaukee  Road. 

Mr.  Stoll  was  graduated  from  the  University  of  Michigan  in  1938  with  a  Bachelor 
of  Science  degree  in  transportation  engineering,  and  entered  Milwaukee  Road  service 
in  the  Engineering  Department  shortly  thereafter.  He  held  various  engineering  positions 
in  Chicago,  Minneapolis,  Tacoma,  Spokane  and  Seattle  before  being  appointed  assistant 
industrial  engineer  in  1945,  with  headquarters  in  Seattle.  He  later  served  in  Chicago  as 
right-of-way  engineer  and  industrial  engineer,  and  in  1952  was  advanced  to  assistant 
industrial  commissioner.  He  was  appointed  assistant  director — industrial  and  real  estate 
development  in  1958,  which  position  he  held  until  his  advancement  to  the  position  of 
director — real  estate  and  industrial  development  on  January  1,  1962. 

Under  Mr.  Stoll's  direction,  an  aerial  photo  survey  of  industrial  properties  along 
the  Milwaukee  Road — both  company-owned  and  privately  owned — was  begun  in  1957. 
Consisting  of  1200  black-and-white  photographs,  with  matching  color  slides  of  each, 
the  department's  files  today  comprise  a  detailed  view  of  virtually  all  actual  or  potential 
industrial  sites  adjacent  to  the  Milwaukee  Road  in  Illinois,  Indiana,  Iowa,  Wisconsin, 
Michigan,  Minnesota  and  South  Dakota.  It  is  considered  to  be  one  of  the  most  com- 
prehensive surveys  of  its  kind  ever  undertaken,  and  is  being  further  expanded  with 
views  of  acres  along  the  railroad  farther  to  the  west. 

Mr.  Stoll  is  an  active  member  of  a  large  number  of  business  associations,  including 
the  American  Industrial  Development  Council,  the  Great  Lakes  States  Industrial  Devel- 
opment Council,  the  American  Railway  Development  Association,  the  Society  of  Indus- 
trial Realtors,  American  Right-of-Way  Association,  Chicago  Traffic  Club,  and  the 
Industrial  Committee  of  the  Chicago  Association  of  Commerce  and  Industry.  Mr.  Stoll. 
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The    Engineer's    Role    in    Industrial    Development 

By  E.  J.  STOLL 

Director,    Real    Estate   and   Industrial    Development, 
Chicago,    Milwaukee,   St.    Paul    &    Pacific    Railroad 

Sometime  ago  Ken  Hornung  asked  me  if  I  would  come  here  today  to  talk  to  you 
about  your  role  in  Industrial  Development.  I  think  that  Ken  figured  he  would  run  into 
some  opposition  and  reluctance  in  getting  a  commitment  from  me  and  when  I  readily 
agreed,  he  may  have  wondered  if  he  shouldn't  have  been  more  selective  in  his  choice. 

My  first  experience  with  AREA  was  in  1938  when,  as  a  senior  in  transportation 
engineering  at  the  University  of  Michigan,  I  came  to  Chicago  to  attend  an  Annual 
Meeting.  I  was  greatly  impressed !  During  my  career  of  seven  years  in  the  Milwaukee 
Road's  Engineering  Department,  I  had  very  little  opportunity  to  participate  in  the 
affairs  of  AREA,  although  I  referred  frequently  to  various  standards  established  by 
your  organization,  especially  when  I  was  in  the  Bridge  Design  Department. 

It  is,  therefore,  a  distinct  honor  for  me  to  have  been  asked  to  return  to  your  con- 
ference and  tell  you  what  I,  a  former  engineer  by  education,  training  and  experience, 
look  for  in  the  way  of  assistance  from  the  engineering  profession. 

First,  I  feel  that  it  is  imperative  that  I  tell  you  something  about  the  work  that 
is  done  in  our  department.  A  fellow  doesn't  get  a  chance  to  blow  his  horn  too  often, 
so  one  should  take  advantage  of  it  when  the  opportunity  arises.  We  sometimes  take  too 
much  for  granted  and  feel  that  everybody  knows  what  we  do.  This  fact  was  brought 
home  to  me  recently  when  interviewing  an  engineer  for  a  job.  He  said  that  our  field 
men   often  stopped  in   his  office   but   frankly   he  did  not  know  much  about  our  work. 

On  the  Milwaukee  Road  we  have  a  combination  of  activities  concentrated  in  one 
department.  The  department  is  properly  called  "Real  Estate  and  Industrial  Develop- 
ment Department."  We  are  charged  with  the  purchase,  sale,  lease  and  management  of 
all  railroad-owned  real  estate  througout  a  10,500-mile  system  with  land  ownership  in 
15  states.  The  total  area  is  between  175,000  and  200.000  acres.  There  are  more  than 
13,000  active  leases  providing  rental  income  of  more  than  $1,600,000  annually.  Continu- 
ous supervision  is  necessary  to  revise  the  leased  areas,  bill  rental  and  taxes,  and  up-grade 
rental  to  current-day  levels.  We  make  about  500  sales  of  land  and  buildings  annually, 
with  total  consideration  of  about  $2,000,000.  Land  sales  consist  of  industrial,  surplus 
property,  commercial  sites  and  abandoned  right-of-way,  while  building  sales  consist 
of  industrial  warehouses  and  decks,  and  abandoned  buildings  no  longer  required  for 
operating  purposes. 

We  also  manage  all  real  estate  for  the  Industrial  and  Townsite  Division  of  the 
Milwaukee  Land  Company.  I  use  this  identiticalion  to  differentiate  from  the  Timber 
Division  of  the  Milwaukee  Land  Company  which  owns  about  200,000  acres  in  Idaho 
and  Washington  and  which  docs  not  come  under  my  jurisdiction.  The  Land  Company 
is  used  for  the  purchase  of  property  acquired  for  future  industrial  development.  It  gives 
us  more  flexibility.  We  have  acquired  more  than  4,500  acres  for  development  purposes 
during  the  past  10  years  at  several  key  stations  on  the  railroad,  to  have  the  land 
available,  zoned  and  at  a  proper  price  for  industries. 

Our  Industrial  Development  activities  encompass  many  things.  Wr  try  to  keep  in 
close  touch  with  local,  state,  regional  and  national  groups  engaged  in  development 
activities.  This  means  many  public  appearances  and  frequent  attendance  at  meetings. 
Our  goal  is  to  establish  as  many  rail  shipping  industries  in  our  territory  as  possible. 
We  do  not   necessarily  try  to  locate  industries  on  our  own  land    In  fart,   I  am  happier 
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if  the  industn.-  locates  on  private  property  served  with  trackage  because  this  assures  its 
development  for  industry'  and  protects  our  land  for  future  rail  development. 

We  work  with  private  land  owners  to  promote  development  of  large  tracts  as 
industrial  districts  served  by  rail.  These  projects  require  layouts  and  planning  assistance 
from  the  Engineering  Department  to  pro\ide  a  proper  layout  of  trackage  and  industrial 
roadways. 

Preparation  of  brochures,  mailing  pieces,  inventors-  of  railroad-owned  and  privately- 
owned  properties,  community  information,  availability  of  utilities,  transportation  and 
dozens  of  other  items,  must  be  determined  and  made  available  to  prospective  customers. 
.\  whole  discussion  could  be  centered  about  the  things  required  to  promote  Industrial 
Development   but   this  is  neither  the  time  nor  the  place  to  go  into  detail  about  them. 

You  did  not  ask  me  here  to  tell  about  the  Milwaukee  Road's  Industrial  Develop- 
ment Department,  but  rather  what  you  are  expected  to  do  as  engineers  to  promote 
Industrial  Development  for  your  employers. 

Perhaps  I  have  a  prejudicial  attitude  about  the  close  relationship  between  Industrial 
Development  and  engineering  because,  on  the  Milwaukee  Road,  we  have  always  tried  to 
recruit  our  personnel  from  the  Engineering  Department.  In  fact,  I  have  been  criticized 
by  Virgil  Glosup.  our  chief  engineer,  for  "raiding"  his  organization  and  taking  his  best 
men.  I  can  only  admit  to  having  looked  for  the  best  qualified  people  for  the  promotion 
of  new  industries  on  our  railroad  and  if  I  have  been  able  to  find  the  top  engineers, 
then  no  doubt  well  carry  out  our  responsibilities  well. 

Recently  I  worked  on  a  major  project  in  which  the  industr>-  required  a  site  of 
several  hundred  acres.  Finding  the  site  and  arranging  the  initial  inspection  was  a  func- 
tion carried  out  by  me.  Sometimes  we  don't  have  a  chance  to  tour  the  area  before  the 
industry  arrives.  If  the  point  of  interest  is  some  distance  from  Chicago.  I  may  call  the 
di\Tsion  engineer  and  tell  him  my  problem  and  hope  that  he  can  make  a  suggestion 
which  will  aid  me  when  I  accompany  the  prospect.  In  many  instances.  I  ask  the 
industr>-   to  contact  the  division  engineer  to  make  an  on-the-ground  inspection. 

When  a  prospect  looks  at  a  site,  we  want  to  have  maps  available.  We  need  to 
know  that  the  map  is  up  to  date.  Has  the  track  layout  been  corrected?  Are  the  high- 
ways, sewers,  water  mains,  gas  and  petroleum  lines  properly  shown  ?  Are  the  highways 
paved,  and  if  so,  will  they  support  hea\y  trucking?  Is  highway  access  limited? 

In  the  project  previously  mentioned,  the  area  was  so  large  and  the  territory  so 
stretched  out  that  our  maps  had  to  be  expanded.  The  prospect  had  embarked  on  an 
e.xpedited  program  that  could  not  be  held  up.  Our  engineers  rose  to  the  occasion  and 
pro\-ided  basic  maps  which  we  were  able  to  adapt  to  our  requirements. 

Preliminary  track  plans  were  prepared  by  the  engineers  to  record  time  to  show  how 
each  site  could  be  served  with  trackage.  .Aerial  photos  were  prepared  outlining  the  sites 
under  consideration. 

Within  a  matter  of  hours  the  industry  asked  that  sites  be  optioned  to  permit 
further  study.  When  the  land  was  optioned.  I  really  was  under  pressure  from  the  indus- 
try. Topographic  surveys,  certified  land  surveys,  soil  tests,  specified  track  plans  and 
dainage  conditions  were  needed  quickly.  Our  engineers  had  contracts  let  for  soil  tests 
in  such  a  hurr>-  that  it  would  make  your  head  swim. 

The  topographic  maps  were  more  of  a  problem,  but  we  had  about  12  people  on 
the  job  within  only  a  few  hours  of  my  phone  call.  This  wasn't  an  easy  accomplishment. 
There  were  men  from  the  di\Tsion  offices,  the  general  offices  and  even  some  of  my  own 
men  in  the  survey  party. 
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I'd  like  to  tell  you  a  little  sidelight  about  the  engineers  on  that  project.  It  happened 
that  this  was  an  area  served  jointly  by  the  Burlington  and  Milwaukee  Railroads.  The 
Burlington  also  had  a  large  crew  of  engineers  out  surveying  a  different  site  than  the 
one  on  which  we  were  working.  On  noon  OlHe  VV'aggener  of  the  Burlington  and  I  had 
occasion  to  watch  the  men  come  in  for  lunch.  These  fellows  were  working  on  the  same 
type  of  a  project  and  toward  the  same  end.  There  were  young  and  middle-aged  men 
in  both  groups.  They  should  have  had  many  things  in  common. 

Lunch  was  served  buffet  style  and  the  Burlington  fellows  got  their  food  and  sat 
down  at  one  end  of  a  long  table.  The  Milwaukee  men  did  the  same  and  sat  at  the 
other  end  of  the  table.  In  the  evening,  after  washing  up  from  the  day's  work  in  the 
field,  they  would  follow  the  same  procedure.  They  all  hibernated  after  dinner  and  made 
no  effort  to  fraternize  among  themselves  or  with  their  counterparts  on  the  other 
railroad. 

With  the  exception  of  the  few  industrial  men  in  the  parties,  I  doubt  that  any  of 
the.sc  fellows  can  tell  you  the  names  of  the  men  from  the  other  railroad. 

The  reason  that  I  have  brought  this  matter  up  is  that  I  find  that  most  engineers 
do  not  find  it  easy  to  become  acquainted.  They  require  more  of  a  push  and  more 
training  to  help  them  become  aware  of  the  need  in  the  modern  business  world  to 
communicate  and  socialize.  The  best  advice  I  ever  had  was  when  I  was  being  promoted 
and  my  boss,  a  division  engineer,  told  me  that  on  my  new  job  I  should  be  more  foreful 
in  my  attitude  and  to  let  other  people  know  that  I  was  ready  to  assume  greater 
responsibilities.  You've  got  men  working  for  you  who  need  the  same  kind  of  help. 
It's  your  obligation  to  counsel  and  guide  them. 

Now  there  was  a  lot  more  to  that  particular  project  which  kept  many  people 
occupied  for  several  weeks.  The  point  is  that  I  was  continuously  in  touch  with  the 
engineers   to   develop  information   required  by   this  prospect. 

There  are  many  other  items  necessary  to  development  plans  which  only  you  can 
furnish.  These  include  such  things  as  estimates  for  track  layouts,  grading,  drainage 
ditches,  culverts,  sewer  and  water  mains,  roadways,  paving,  communication,  building 
plans  and  estimates,  information  about  building  codes  and  permits,  elevation  of  tracks 
and  floors  in  new  buildings,  track  curvature,  clearance,  safety  devices,  ice  and  snow 
problems,  availability  of  fill  and  a  legion  of  other  items. 

It  shouldn't  be  necessary  for  me  to  remind  you  of  these  very  boring  things  which 
you  do  every  day,  and  which  are  so  important  to  your  industrial  people.  All  I  can  add 
about  these  very  important  items  is  that  whatever  you  furnish  must  be  correct  beyond 
any  doubt,  and  if  not  available  in  the  timetable  set  by  the  customer,  then  you've  given 
the  opposition  an  advantage  in  the  battle. 

I'd  like  to  suggest  that  there  are  other  ways  in  which  you  can  assist  your  industrial 
people  in  making  your  road  the  most  dynamic  and  prosperous  in  your  territory.  Just 
be  sure  that  any  of  you  who  are  employees  of  lines  competitive  with  the  Milwaukee, 
go  to  sleep  now  so  that  my  job  isn't  made  any  tougher. 

How  do  you  look  at  your  job?  Are  you  just  an  engineer  who  knows  all  about 
how  to  design  a  bridge  or  building,  or  to  lay  out  tracks?  Did  you  ever  consider  that 
you  are  a  salesman  for  your  company?  Well,  you  are! 

Right  now  I  can  imagine  some  of  you  saying,  "Ed.  you're  nuts!  I  never  see  our 
shippers  so  how  can  I  be  a  salesman?"  Maybe  you  don't  go  out  to  call  on  customers 
but  you  are  a  salesman  none  the  less.  Don't  you  belong  to  a  card  club,  work  with 
scout  troops  or  Junior  .\chicvement,  indulge  in  local  politics  or  participate  in  church 
activities?  What  kind  of  an  impression  do  you  make  on  these  people?  I'm  sure  that  all 
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of   my   friends  know  that   I   work   for   the  Milwaukee  Road  and  they  also  know  that 
I'm  enthusiastic  about  my  job.  I've  got  railroading  in  my  blood  and  I'm  proud  of  it. 

When  you  arc  approached  by  your  community  people  and  asked  to  serve  on  the 
Planning  or  Zoning  Committee,  do  you  accept  the  position  or  sit  back  and  say  "Let 
George  do  it?"  Any  Industrial  Development  man  will  tell  you  that  one  of  his  major 
problems  in  finding  a  suitable  site  is  the  problem  of  zoning.  Too  little  foresight  is  given 
to  proper  planning  and  zoning  to  provide  suitable  land  for  industrial  growth.  Who  can 
be  of  more  help  in  local  planning  groups  than  an  engineer  with  his  objective  training 
and   thinking? 

I'm  full  of  ideas  to  put  you  to  work.  Maybe  this  is  the  result  of  being  active  in 
church.  I  find  that  a  preacher  is  most  successful  when  he  can  get  his  laymen  to  do  most 
of  the  work,  leaving  him  free  to  attend  to  his  one  all-important  task  of  directing  your 
efforts  into  the  proper  spiritual  channels.  What  I'm  proposing  here  is  that  you  do  more 
of  your  Industrial  Development  man's  work  so  that  he  can  sit  back  and  direct  your 
activities  into  the  hands  of  those  all  important  shippers. 

Another  group  that  needs  your  help  is  the  Industrial  Development  Committee  or 
corporation  in  your  city.  These  are  the  people  who  are  trying  to  prepare  your  city  to 
be  ready  for  industry  when  it  comes  along.  If  your  city  doesn't  have  proper  schools, 
sewer  and  water  facilities,  good  political  atmosphere,  housing,  streets,  zoning,  available 
industrial  sites  at  a  proper  price,  and  dozens  of  other  necessities,  then  your  town  can't 
be  competitive.  Why  don't  you  check  into  the  industrial  activities  of  your  town  and 
see  if  you,  as  a  qualified  engineer,  can  help? 

When  you  meet  with  non-railroad  people,  you  have  another  chance  to  aid  the  cause. 
How  often  have  you  heard  people  say  that  the  railroads  aren't  keeping  up  with  the 
times?  Many  people  consider  railroading  a  dying  industry.  What  does  the  general  public 
know  about  the  new  developments  which  you  have  been  responsible  for  and  how  they 
affect  railroading?  Have  you  ever  told  anyone  about  the  workings  of  an  automatic 
classification  yard,  train  or  car  identification  equipment,  train  communication  refine- 
ment, modern   CTC  layouts,  welded  rail,  hot  box  detectors  or  modern  motive  power? 

You'd  be  surprised  at  the  limited  knowledge  that  the  public  really  has  about  the 
advancements  in  railroading.  All  we've  done  for  years  is  cry  about  our  problems  and 
people  feel  that  we've  done  nothing  to  improve  our  situation.  Who  is  in  a  better  position 
to  tell  about  these  new  practices  and  developments  than  the  engineers  who 
designed  them  ? 

What  I'm  saying  here  in  a  left-handed  way  is  that  you  should  adopt  a  positive 
attitude  and  approach  to  your  job,  both  during  and  after  office  hours.  When  you're 
asked  if  something  can  be  worked  out  to  meet  an  industry's  needs,  don't  just  pass  it  off 
with  a  negative  attitude  and  answer.  Get  into  the  subject  a  little  deeper  and  see  if  there 
is  any  way  that  you  can  suggest  to  meet  the  industry's  requirements.  A  helpful  attitude 
and  sincere  desire  to  work  with  your  customers  will  make  your  Industrial  Department's 
job  easier. 

It  is  reported  that  there  are  about  14,000  Industrial  Development  groups  in  this 
country,  each  one  trying  to  atract  new  industry  to  its  area.  Probably  not  more  than 
1,000  of  these  groups  are  really  well  organized  and  effective  in  their  jobs.  Railroad 
Industrial  Development  people  are  generally  conceded  to  be  some  of  the  most 
knowledgeable  in  the  business.  After  all,  we've  been  in  the  business  for  more  than 
100  years  and  should  have  gained  some  experience  by  now. 

I  like  to  consider  the  Industrial  Department  as  a  coordinator  of  all  departments 
on   the  railroad.   We  are   the  contact   men,  spokesmen  and  salesman  for  the  railroad. 
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The  tools  of  our  work  are  engineering,  real  estate,  traffic,  operating,  law,  finance,  tax 
and  executive  departments.  Your  attitude,  cooperation  and  ability  arc  absolutely  cs.sen- 
tial  to  any  development  program.  It  is  difficult  to  single  out  any  one  department  as  the 
most  important  in  handling  any  industrial  location  problem.  Surely  the  engineers  arc 
to  be  rated  high  on  the  priority  list  for  supplying  many  of  the  most  basic  factors 
necessary   to   landing  a  prospect. 

Industrial  Development  is  not  and  cannot  be  a  one-man  show.  We  arc  completely 
dependent  on  the  cooperation  of  everyone  if  we  are  to  put  new  business  on  the 
railroads. 

Thanks  for  inviting  me  here  to  participate  in  your  program.  I  hope  I  have  issued 
a  few  challenges  to  make  your  job  more  meaningful  and  interesting.   [Applause] 


Vice  Chairm.'VN  H.^yes:  Thank  you,  Mr.  Stoll,  for  your  splendid  presentation. 
It   was  most  interesting. 

Mr.  President,  this  concludes  the  presentation  of  reports  by  Committee  6.  This 
also  concludes  Ken  Hornung's  three-year  tenure  as  chairman  of  Committee  6.  He  wi.shes 
me  to  express  his  sincere  appreciation  to  the  members  of  the  committee,  especially  the 
subcommittee  chairmen  of  the  past  three  years,  for  their  loyal  support,  cooperation  and 
willing  labor,  and  he  also  wishes  to  thank  Secretary  Neal  Howard  and  his  staff  for  their 
cooperation  and  support. 

Mr.  Hornung's  remaining  duty  was  to  have  been  the  pleasant  one  of  introducing 
the  new  officers  of  this  committee,  which  I  as  the  new  chairman  enjoy  doing  at  this 
time.  Will  each  chairman  please  stand  and  be  recognized  as  I  read  his  name. 

First,  I  should  like  to  present  the  secretary,  O.  C.  Denz,  supervisor  building  main- 
tenance, Milwaukee  Road. 

Our   new  vice   chairman,  \V.  C.   Humphreys,  architect,  New  York   Central  System. 

W.   G.   Harding,   architect,   Wabash   Railroad,   is   the   chairman   of   Subcommittee    1. 

C.  R.  Madeley,  supervising  engineer.  Southern  Pacific  Company,  is  chairman  of 
Subcommittee  2.  He  is  a  new  member  of  the  committee  and  we  put  him  to  work 
in  a  hurry. 

President  Loggins:  Good!  That's  what  he  was  put  on  the  committee  for. 
[Laughter] 

Vice  Chairman  Hayes:  H.  A.  Shannon,  a.s.sistant  engineer  buildings,  Norfolk  & 
Western   Railway,   is  chairman   of   Subcommittee   .'. 

A.  F.  Langmeyer,  architect,  Illinois  Central  Railroad,  is  chairman  of  Subcommittee  4. 

W.  R.  Hyma,  assistant  engineer,  .Atchi.son,  Topeka  &  Santa  Fe  Railway,  is  chairman 
of  Subcommittee  ,v 

H.  R.  Helker,  assistant  engineer,  Missouri  Pacific  Railroad,  is  chairman  of  Sub- 
mittee  6. 

R.  J.  Martens,  general  architect.  Union  Pacific  Railroad,  is  chairman  of  Sub- 
committee 7. 

D.  A.  Bessey,  assistant  architect,  Milwaukee  Road,  is  chairman  of  Subcommittee  8. 
I.    G.    Forbes,    engineer   buildings,    Illinois    Central    Railroad,   is   chairman    of   Sub- 
committee 9. 

Thank  you  all,  gentlemen. 

Mr.  President,  this  concludes  Committee  6's  report  to  the  convention  at   this  lime. 
President  Lojigins:   Thank  you.  Mr.  Hayes.  We  are  sorry  that  Mr.  Hornunj;  could 
not  be  with  us  today,  but  we  appreciate  your  standing  in  for  him. 
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Your  committee  has  done  a  fine  job  during  the  past  three  or  four  years  in  review- 
ing and  updating  the  many  building  specifications  in  its  chapter.  I  am  sure  that  your 
new   specifications   are   a    big   improvement   over   the   material   they   replace. 

Mr.  Hayes,  with  this  major  task  largely  behind  your  committee  now,  I  hope  it  will 
get  its  teeth  into  and  will  come  up  with  good  information  reports  and  recommendations 
on  its  other  assignments. 

Thank  you,  Mr.  Stoll,  for  your  contribution  to  our  program.  We  have  had  several 
discussions  at  our  conventions  on  high-rise  air-rights  developments  on  railroad  property 
in  metropolitan  areas,  but  I  am  sure  it  is  important  that  we  don't  overlook  the  great 
value   in   the  auxiliary   use   of  much  of  our  other  property. 

Mr.  Hayes,  we  welcome  Mr.  Humphreys  as  the  new  vice  chairman  of  Committee  6, 
and  you  as  the  new  chairman.  As  you  take  over  your  new  responsibilities,  I  want  you 
to  have  this  chairman's  gavel,  the  engraving  on  which  reads,  "J.  W.  Hayes,  Chairman, 
AREA  Committee  6,   1964-1966." 

Mr.  Hayes,  your  committee  is  now  excused  with  the  thanks  of  the  Association. 
[Applause] 

Discussion  on  Highways 

[For  report,  .=ee   Bulletin   581,  pages   167-176] 

President  Loggins:  We  shall  next  hear  from  our  Committee  9 — Highways,  the 
chairman  of  which  is  R.  W.  Mauer,  assistant  engineer,  Atchison,  Topeka  &  Santa  Fe 
Railway,  at   Chicago. 

Mr.  Mauer,  I  am  sure  your  committee  is  ready  to  go,  so  will  you  gentlemen  please 
take  your  places  here  at  the  speaker's  table. 

Chairman  R.  W.  Mauer:   Mr.  President,  members  of  the  AREA  and  guests: 

I  regret  to  announce  that  since  the  last  Annual  Meeting  of  the  Association,  death 
has  taken  two  valued  members  of  Committee  9 — Bernard  Blum,  retired  chief  engineer 
of  the  Northern  Pacific  Railway,  and  M.  H.  Corbyn,  engineer  of  public  works,  Chicago, 
Rock   Island   &  Pacific   Railroad. 

Mr.  Blum,  who  passed  away  in  St.  Paul  on  October  17,  196,^,  was  active  in  the 
AREA  and  a  Member  Emeritus  of  Committee  9,  having  served  as  its  vice  chairman 
for  23  years.  A  memoir  to  him  has  been  prepared  for  publication  in  the  Proceedings 
of   the   1964   Convention. 

MEMOIR 

JSernarb  JSlum 

Bernard  Blum,  retired  chief  engineer,  Northern  Pacific  Railway,  passed  away  at 
the  Northern  Pacific  Hospital  in  St.  Paul,  Minn.,  October  17,  1963,  at  the  age  of 
80  years  and  8  months. 

Mr.  Blum,  the  son  of  August  and  Edith  Blum,  was  born  in  Chicago,  on  February 
12,  1883.  He  graduated  from  Massachusetts  Institute  of  Technology  with  a  B.S.  degree 
in  civil  engineering  in  1904,  and  then  was  appointed  assistant  instructor  for  the  years 
1904-1905  at  MIT.  From  1905  through  1907,  he  was  an  assistant  engineer  on  the 
Chicago  Junction  Railway.  In  1908,  he  married  Lillian  Swan  Wynn. 

Entering  the  service  of  the  Northern  Pacific  in  1907,  Mr.  Blum's  first  job  was  as 
an  assistant  engineer  on  the  construction  of  the  Laurel  Terminals,  a  milhon  dollar 
project.  In  1909,  he  was  placed  in  charge  of  bridge  construction  work,  then  went  on  to 
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serve  as  roadmaster,  assistant  district  cnciiu-cr,  district  untiinecr  and  t-nnincfr  mainte- 
nance of  way.  In  1928,  he  was  elected  chief  engineer  by  the  Board  of  Directors  of  the 
Northern  Pacific  Railway,  retirinj;  on  March   1,   195.^,  with  46  years  of  service. 

Mr.  Blum  was  a  very  active  member  of  the  ARE.\  which  he  joined  in  1917.  He 
was  a  director  of  the  Association  1935-1937,  and  became  a  life  member  in  1952.  He  was 
a  member  of  Committee  9 — Highways  from  1927  to  the  time  of  his  death.  He  served 
as  vice  chairman  of  Committee  9  continuously  from  19.50  to  1953  and  was  elected 
Member  Emeritus  in  1955.  He  was  also  a  member  of  Committee  3 — Ties,  from  1924 
to   1927. 

In  addition  to  his  railroad  activities,  Mr.  Blum  took  an  active  interest  in  the 
religious  activities  of  the  First  Church  of  Christ  Scientist  of  St.  Paul.  He  and  his  wife 
were  patrons  and  contributors  to  the  Minneapolis  S.\mph()n_\-  Orchestra.  In  addition  to 
his  activities  with  the  AREA,  he  was  also  affiliated  with  the  American  Society  of  Civil 
Engineers,  serving  as  president  of  the  Northwest  Section  and  for  many  years  was  chair- 
man of  the  Local  Qualifications  Committee.  He  was  also  affiliated  with  the  Engineering 
Society  of  St.  Paul,  the  Minnesota  Federation  of  Engineering  Societies,  and  the  American 
Interprofessional  Institute,  of  which  he  was  a  director. 

Mr.  Blum  was  greatly  respected  and  admired  by  all  who  had  the  privilege  of 
working  with  him  and  will  long  be  remembered  by  his  a.ssociates  and  friends  for  his 
devotion,  loyalty  and  keen  sense  of  humor. 

R.  \V.  Mauer 
K.  E.  Wyckoff 
R.  E.  Skinner 
Committee  oh  Memoir 

Chairman  Mauer:  Mr.  Corbyn,  who  died  at  St.  Luke's  Hospital  in  Chicago  on 
January  25,  1964,  had  contributed  his  time  and  talent  to  Committee  9  for  some  13  years, 
and   his  efforts  will  be  missed. 


Chairman  Mauer  (continuing):  The  report  of  Committee  9  is  published  in  Bulletin 
581,  starting  on  page  167.  Your  committee  is  reporting  on  si.\  assignments;  five  are 
progress  reports,  and  one  is  final.  As  these  reports  are  presented,  we  invite  your  com- 
ments or  questions. 

Assignment   1 — Revision  of  Manual 

Chairman  Mauer:  In  the  absence  of  Subcommittee  Chairman  K.  R.  Hnglcrt,  cost 
control  engineer.  Louisville  &  Nashville  Railroad,  the  report  on  .Assignment  1  will  be 
presented  by  Vice  Chairman  Raymond  Dejaiffe,  chief  engineer,  Toledo  Terminal 
Railroad. 

Raymond  Dejaiffe  (for  E.  R.  Englert):  Al  your  committee's  last  meeting,  the 
members  present  voted  to  submit  a  letter  ballot  to  all  members  lor  the  elimination 
from  the  Manual  of  the  6-ft  50-deg  type  Highway  Crossing  Sign,  Figs.  1  and  2,  pages 
9-2-2  and  9-2-3,  and  also  Fig.  4,  the  Reflector,  4-ft  90-deg  type,  page  9-2-5.  The 
proposal  would  retain  the  4-ft  90-deg  type.  Fig.  3,  page  9-2-4,  in  the  Manual  with 
changes  so  that  this  figure  would  be  ap|)lical)lf  to  both  painted  and  reflector-type 
highway  crossing  signs. 

Upon  approval  of  the  requin-d  number  of  Committee  9  members  for  the.se  Manual 
changes,   your   committee    will    handle    with    other   interested    groups   for   their   approval. 
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It  is  expected  that  all  necessary  approvals  will  be  obtained  and  that  this  recom- 
mendation for  revision  of  the  Manual  will  be  submitted  for  adoption  by  the  Association 
at   the   1965   Annual  Meeting. 

Assignment  2 — Merits  and  Economies  of  Prefabricated  Types  of  High- 
way-Railway  Grade  Crossings 

Chairman  Mauer:  J.  T.  Hoelzer,  who  recently  retired  from  active  service  as 
regional  engineer,  Central  Region,  Baltimore  &  Ohio  Railroad,  has  accordingly  resigned 
the  chairmanship  of  this  subcommittee.  However,  since  he  is  the  author  of  the  report 
on   this  assignment,   I   believe   he  should   make  its   presentation. 

J.  T.  Hoelzer:  During  the  recent  years  that  this  subject  has  been  under  study, 
effort  was  made  to  collect  and  evaluate  costs  and  serviceable  life  data  of  various  types 
of  crossings.  The  information  obtained  showed  a  wide  variance  in  installation  costs  of  the 
same  type  of  crossings,  which  indicated  that  possibly  other  than  true  installation  expense 
was  included,  or  that  there  actually  exists  a  great  variable,  which  would  prevent  stating 
an  accurate  cost  per  foot  of  various  type  crossings. 

While  actual  years  of  service  life  of  an  individual  crossing  may  be  known,  gen- 
erally there  is  no  record  of  such  variables  as  train  and  highway  traffic,  weather,  and 
track  conditions  which  affect  the  life  and  maintenance  expense  of  a  crossing.  Unless 
two  or  more  types  of  crossings  are  installed  at  the  same  time  at  the  same  location  and 
under  the  same  variable  circumstances,  actual  comparative  service  life  of  different  type 
crossings  under  those   particular  conditions  would  not  be  available. 

Regardless  of  the  actual  years  of  service  life,  the  installation  and  annual  cost  ratio 
tabulation  in  our  report  indicates  what  your  committee  feels  can  generally  be  expected 
for  the  various  types  of  crossings  installed  at  the  same  location  and  under  the  same 
conditions. 

The  report  also  indicates  what  are  considered  advantageous  items  of  the  various 
type  crossings  as  a  guide  to  evaluation  of  their  merits. 

Assignment  3 — Merits  of  Various  Types  of  Highway-Railway  Grade 
Crossing  Protection 

Chairman  Mauer:  Subcommittee  Chairman  J.  A.  Jorlett,  structural  engineer — 
New  York  Improvements,  Pennsylvania  Railroad,  will  present  the  report  on  Assignment  3. 

J.  A.  Jorlett:  A  report  on  this  assignment  appears  in  Bulletin  581.  Contained  in 
the  report  is  a  statement  of  the  status  of  the  development  of  crossing  accident  prediction 
formulas  which  railroads  and  public  bodies  could  use  to  evaluate  existing  crossings  with 
the  current  type  of  crossing  protection,  either  for  establishment  of  priorities  for  improve- 
ment or  determining  the  economics  for  grade  separations. 

The  report  also  mentioned  the  publication  of  the  Examiner's  report  to  the  Inter- 
state Commerce  Commission  on  Docket  33440— "PREVENTION  OF  RAIL-HIGHWAY 
GRADE  CROSSING  ACCIDENTS  INVOLVING  RAILWAY  TRAINS  AND  MOTOR 
VEHICLES."  Since  then  the  ICC  has  issued  its  report,  dated  January  22,  1964,  and 
served  February  10,  1964.  There  are  two  recommendations  in  the  report  directed 
specifically  to  the  railroads,  appearing  on  page  89  as  Nos.  6  and  7,  namely: 

(6)  The  railroads  take  prompt  action  to  improve  maintenance  of  railroad  rights- 
of-way  at  grade  crossings  to  provide  safer  passage  for  motor  vehicles  and 
remove  all  sight  obstructions  so  as  to  provide  adequate  sight  distances  for 
motor  vehicle  operators  and  train  crews. 
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(7)  The  railroads  establish  adequate,  uniform  warning  time  of  not  less  than  20 
seconds  to  operators  of  motor  vehicles  of  the  approach  of  trains  to  urade 
crossings. 

The  first  recommendation  of  the  report  asks  that  an  authority  be  established  to 
evaluate  the  causes  of  grade-crossing  accidents  as  a  basis  for  preventive  measures,  to 
make  recommendations  to  legislative  bodies  such  as  state  legislatures,  to  consult  experts, 
to  make  recommendations  with  respect  to  standards  which  would  lead  to  eliminations 
of  grade  crossings  in  particular  cases,  to  the  installation  of  specific  types  of  grade  cross- 
ing protection  devices,  to  the  designation  and  proper  identification  of  infrequently  used 
grade  crossings  where  vehicular  traffic  will  be  exempted  from  the  requirement  to  stop 
before  proceeding  over  the  crossing  and  with  respect  to  closing  of  particular  crossings 
to  heavily  loaded  commercial  vehicles  by  reason  of  difficulty  in  negotiating  grades, 
extremely  restricted  sight  distances,  and  other  complicating  elements  in  relation  to  the 
nature  and  density  of  railroad  and  highway  traffic. 

Recently  the  Bureau  of  Public  Roads,  under  its  National  Cooperative  Highway 
Research  Program,  has  requested  the  Highway  Research  Board  at  the  National  Academy 
of  Sciences — National  Research  Council  at  Washington,  D.  C,  to  undertake  a  study 
of  "Factors  Influencing  Safety  at  Highway-Rail  Grade  Crossings."  A  total  of  $25,000 
was  voted  to  study  objectives  Nos.  1  and  2  as  stated  in  Bulletin  581.  A  contract  has 
been   awarded  to   Alan   M.  Voorhees,  consulting  engineer,  Washington,   D.   C. 

The  research  statement  mentions  that  (1)  protective  devices  are  costly  to  install 
and  maintain,  thus  their  installation  is  limited;  accidents  still  occur  every  year  at  pro- 
tected crossings,  and  (2)  rating  indices  used  to  determine  priority  of  installation  are 
out  of  date. 

This  research  is  closely  knit  to  the  work  of  your  committee.  For  years  its  studies 
have  revealed  the  inadequacies  of  the  rating  indices  which  were  derived  by  empirical 
methods.  The  .Armour  Research  Foundation  studies,  financed  by  funds  provided  through 
the  Research  Department  of  the  Association  of  .American  Railroads,  reported  in  previous 
Bulletins,  have  led  the  way  to  the  development  of  experimental  designs  for  determining 
crossing  accident   prediction   from   mass  statistical  analysis. 

Assignment  5 — Recommended  Method  of  Developing  Annual  Mainte- 
nance Cost  of  the  Various  Types  of  Highway  -Railway  Grade  Crossing 
Protection 

Chairman  Mauer:  A  final  report  on  Assignment  5  will  be  presented  by  Subcom- 
mittee  Chairman   F.   C.   Cunningham,   division   engineer,   Chesapeake   &   Ohio    Railway. 

F.  C.  Cunningham:  Committee  8,  Communication  and  Signal  Section,  .A.AR,  has 
compiled  the  actual  cost  of  maintaining  and  operating  various  types  of  automatic 
crossing  protection  for  a  one-year  period,  July  1,  1901,  to  June  30,  1962,  on  41  repre- 
sentative railroads  of  the  United  States  and  Canada. 

The  average  annual  cost  for  an  installation  of  flashing  light  signals  was  $581  and 
for  an  installation  of  flashing  light  signals  with  gates  was  $1099.  Depreciation  was  not 
included  in  these  cost  figures.  C&S  Committee  8  recommends  that  these  costs  be  trended 
to  sub.sequent  years  by  Interstate  Commerce  Commission  Indices  for  Account  27 — Signals 
and   Interlockers,  applicable   to   the   various  geographical   regions. 

Your  committee  has  followed  the  development  of  this  study  very  clo.'^ely,  concurs 
with  C&S  Committee  8  and  recommends  that  in  negotiations  with  the  various  highway 
departments,  the  average  annual  maintenance  costs  of  $591  and  $1099  for  the  year  1961 
be  used  and  trended  as  previously   mentioned. 
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Assignment  6 — Methods  of  Providing  Additional  Advance  Warning  to 
Highway    Traffic  Approaching   a   Highway-Railway   Grade   Crossing 

Chairman  Mauer:  In  the  absence  of  Subcommittee  Chairman  C.  W.  Traister, 
grade  crossing  engineer,  Erie-Lackawanna  Railroad,  our  genial  secretary,  R.  E.  Skinner, 
engineer  of  design,   Illinois  Central   Railroad,  will  present  the  report  on  Assignment  6. 

R.  E.  Skinner  (for  C.  W.  Traister) :  Your  committee  has  sent  a  questionnaire  to 
state  highway  departments  requesting  information  on  their  use  of  advance  warning  signs 
for  highway-railway  grade  crossings.  A  summary  of  the  replies  is  given  in  Bulletin  581. 

We  have  found  that  the  WlO-1  Railroad  Advance  Warning  Sign  as  described  in 
the  "Manual  on  Uniform  Traffic  Control  Devices  for  Streets  and  Highways"  is  in  gen- 
eral use  throughout  the  nation.  Various  special  types  of  signs  are  employed  in  ten 
states;  however,  the  effectiveness  of  such  signs  has  yet  to  be  proven. 

Assignment  7 — Conduct  Study  with  View  Toward  Developing  Alternate 
Types  of  Automatic  Crossing  Protection 

Chairman  Mauer:  In  the  absence  of  Subcommittee  Chairman  C.  I.  Hartsell,  divi- 
sion  engineer,   Chesapeake   &  Ohio   Railway,   I  shall  read  the   report  on  Assignment   7. 

Chairman  Mauer  (for  C.  I.  Hartsell) :  Many  groups  are  working  toward  the 
development  of  alternate  types  of  automatic  crossing  protection  throughout  the  United 
States.  Progress  is  taking  place  slowly  because  of  the  difficulty  of  securing  authorization 
for  the  use  of  experimental  types  of  railway-highway  crossing  protection.  Assistance 
as  to  authorization  of  such  experiments,  new  ideas  in  protection,  information  and  com- 
ments on  existing  and  new  types  of  protection  are  earnestly  solicited  from  this 
Association. 

The  opportunities  for  development  of  more  economical  crossing  protection  con- 
struction  and   maintenance   appear   promising. 


Chairman  Mauer:  Mr.  President,  this  completes  the  presentation  of  reports  by 
Committee  9. 

President  Loggins:  Thank  you,  Mr.  Mauer,  and  your  committee  for  another  group 
of  informative  reports.  In  the  various  aspects  of  highway-railway  grade  crossing  con- 
struction, protection  and  maintenance,  your  committee  deals  with  a  wide  variety  of 
problems,  the  solution  to  which  is  of  vital  importance  to  both  the  public  and  the  rail- 
roads. We  hope  you  will  continue  your  investigations  to  find  the  most  effective  and 
economical  answers  to  these  problems,  in  the  interest  of  both  the  public  and  the 
railroads. 

Your   committee   is  now   excused   with   the   thanks   of   the   Association.    [Applause] 
[Vice  President   A.  V.  Johnston  assumed  the  Chair.] 

Discussion  on  Ties  and  Wood  Preservation 

[For  report,  see  Bulletin   582,  pages  245-268] 

Vice  President  Johnston:  Turning  to  another  of  our  important  committees,  we 
shall  hear  next  from  Committee  3 — Ties  and  Wood  Preservation,  the  chairman  of 
which  for  the  past  year  has  been  W.  E.  Fuhr,  assistant  chief  engineer — signals  and 
communications,  Chicago,  Milwaukee,  St.  Paul  &  Pacific  Railroad,  at  Chicago. 

Mr.  Fuhr,  if  you  will  escort  your  committee  to  the  platform,  I  shall  be  pleased  to 
turn  the  meeting  over  to  you. 
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Chairman  VV.  E.  Fuhr:   Vice  President  Johnston,  members  of  AREA  and  guests: 

The  report  of  Committee  3 — Ties  and  Wood  Preservation  appears  in  Bulletin  582, 
Vol.  65,  Proceedings,  published  in  December  1963. 

Assignment   1 — Revision  of  Manual 

Chairman  Fuhr:  The  report  on  Assignment  1  is  a  progress  report  submitted  as 
information.  Chapters  3  and  17  of  the  Manual  were  thoroughly  reviewed  in  1961  and 
1962,  at  which   time   numerous  deletions,  additions  and  revisions  were  made. 

The  subcommittee,  under  the  able  direction  of  C.  S.  Burt,  assistant  to  vice  presi- 
dent, purchases  and  stores,  Illinois  Central  Railroad,  is  continually  reviewing  our  Manual 
and  material,  and  at  the  present  time  special  attention  is  being  given  to  the  seven 
subjects  listed  in  our  report.  Decisions  will  be  made  on  most,  if  not  all,  of  these  items 
so  that  they  may  be  included  in  next  year's  report. 

Assignment  2 — Cross  and  Switch   Ties 

Chairman  Fuhr:  The  report  on  this  assignment  will  be  presented  by  H.  F. 
Kanute,  subcommittee  chairman.  Mr.  Kanute  is  engineer  layout  and  design  of  the  Frisco. 

H.  F.  Kanute:  Subcommittee  2  has  been  active  on  three  of  its  assigned  subjects. 
The  following  is  a  summary  of  our  reports  on  them. 

1.  Possible  Revision  of  Cross  Tie  Design  and/ or  Spacing,  Collaborating  with  Com- 
mittee S — During  the  year  a  questionnaire  was  circulated  among  Committee  3  and 
Committee  5  membership  concerning  cro.ss  tie  size  and  spacing.  The  data  obtained  from 
25  railroads  as  represented  by  Committees  3  and  5  membership  are  submitted  as 
information. 

Ties  used  in  main  track  are  usually  7  in  by  9  in  by  8  ft  6  in,  with  spacing  varying 
from  18^2  in  to  22  in.  Several  railroads  reported  that  because  of  the  use  of  tampers 
a  more  uniform  spacing  of  ties  is  now  desirable.  One  railroad  has  installed  concrete  ties 
with  12 -in  base  in  ^  mile  of  main  track,  spaced  at  30-in  centers,  and  3^  mile  of  new 
7-in  by  9-in  by  8-ft  6-in  wood  ties  spaced  at  22^-in  centers  installed  at  both  ends 
of  the  concrete  tie  section.  The  standard  tic  spacing  on  main  track  is  19J/^  in.  Cross 
levels  and  gage  have  been  checked  at  6-month  intervals  on  this  section  of  track.  It  was 
found  that  the  ties  spaced  at  19^-in  centers  were  holding  slightly  better  gage  and 
cross  level  surface  than  the  ties  spaced  at  22V2-in  centers,  and  that  the  concrete  ties 
spaced  at  30-in  centers  were  holding  better  gage  and  cross  level  surface  than  the  wood 
ties  spaced  at   19^/^ -in  centers. 

A  study  of  stresses  in  track  is  reported  in  the  Proceedings,  \'ol.  20.  This  report 
states  that  a  12-in-wide  tie  will  support  on  ballast  2.2  times  the  load  of  an  8-in-wide 
tie.  Thus,  if  we  could  economically  secure  12-in-wide  wood  ties  we  might  increase  the 
spacing  to  30  in  and  obtain  a  better  supported  track  structure  than  with  a  9-in  tie 
at  \9y2-in  centers. 

In  secondary  tracks  most  railroads  use  the  .same  size  of  tie  as  for  main  track  with 
approximately   1   in  greater  spacing. 

In  branch  line,  yard  and  industry  tracks,  most  railroads  reported  using  6-in  by 
8-in  or  7-in  by  8-in  ties,  cither  8  ft  0  in  or  8  ft  6  in  long,  with  spacing  varying  from 
19J/4   in  to   29^:4   in.  The  29%   in  spacing  was  for  light-use  industry  tracks. 

2.  Feasibility  and  Economics  of  Reusing  Recovered  Ties  With  or  \i'ithout  Addi^ 
tional  Treatment,  Collaborating  with  Committee  22 — We  developed  the  following  infor- 
mation from  the  membership  of  Committees  S  and  22  who  represent  railroads  reported 
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using  ties  salvaged  from  abandoned  track.  Few  railroads  give  additional  treatment.  Cost 
to  salvage  a  tie  for  reuse  varies  from  $0.25  to  $0.75.  Cost  to  retreat  a  tie  varies  from 
$0.75  to  $1.25.  One  railroad  reported  a  cost  of  $3.30  to  $3.37  to  salvage,  retreat  and 
reinstall  a  tie  in  track. 

3.  Feasibility  and  Methods  of  Predicting  Years  of  Service  Life  Remaining  in  a 
Specific  Cross  Tie — We  developed  from  Committee  3  membership  the  following: 

It  is  not  practicable  to  predict  years  of  service  life  remaining  in  a  specific  cross  tie. 
However,  from  information  received  we  can  set  up  a  guide  of  the  visual  characteristics 
a  tie  should  possess  to  be  salvageable. 

1.  Rail  seat  sound,  no  evidence  of  decay. 

2.  Limited  mechanical  wear  under  tie  plates. 

3.  Spike   holes   sound. 

4.  No  splits  from  end  of  tie  to  a  point  at  outside  edge  of  tie  plate. 

5.  No  center  bound  break. 

6.  No  evidence  of  internal  decay. 

7.  Tie  should  show  evidence  of  treatment. 

8.  Tie  could  have  a  few  surface  checks  but  no  checks  halfway  through  tie. 

Mr.  Kanute:   Are  there  any  questions  about  this  assignment  and  report? 

H.  C.  MiNTEER  (Chicago,  Milwaukee,  St.  Paul  &  Pacific  Railroad):  Are  12-in-wide 
hardwood  cross  ties  available  on  the  market  today?  If  not,  do  you  think  tie  producers 
would  be  interested  in  producing  this  size  of  tie? 

Mr.  Kanute:  Twelve-inch  ties  are  really  not  available.  Of  course  we  might  get 
small  quantities,  but  we  don't  have  the  timber  available  for  ties  that  wide.  In  talking 
with  producers,  they  suggested  we  could  get  a  12 -in  tie  by  do  welling  two  6  by  6  or 
6  by  7  ties  together.  We  could  solve  it  that  way. 

B.  Bristow  (Chicago,  Rock  Island  &  Pacific):  The  ability  of  the  inspector  is  an 
important  factor  in  the  determination  of  remaining  service  life  of  a  specific  cross  tie. 
To  your  knowledge  has  any  consideration  been  given  to  the  feasibility  of  making  a 
device  that  would  accurately  determine  the  condition  of  a  tie  in  track? 

Mr.  Kanute:  There  is  such  a  device  on  the  market,  but  I  really  don't  know  too 
much  about  it.  It  is  known  as  a  tie  analyzer.  It  contains  radioactive  material  that 
reflects  gamma  rays  into  the  tie,  and  the  detector  shows  the  density  of  the  tie. 

Assignment  3 — Wood  Preservatives 

Chairman  Fuhr:  The  report  on  Assignment  3  will  be  presented  by  Subcommittee 
Chairman  W.  W.  Barger,  chief  inspector,  Tie  and  Timber  Treating  Department,  Santa 
Fe  Railway. 

W.  W.  Barger:   Mr.  Chairman,  members  of  the  AREA,  and  guests: 

This  assignment  consists  of  two  parts,  (a)  Keep  up  to  date  current  specifications 
for  preservatives,  and   (b)   new  preservatives. 

In  connection  with  part  (a),  no  necessary  changes  have  come  to  the  attention  of 
your  committee  during  the  past  year. 

Under  part  (b)  your  committee  submits  a  specification  for  creosote-coal  tar  solution 
for  the  preservation  of  piles  and  timbers  for  use  in  coastal  waters,  and  a  specification 
for  coal-tar  creosote  for  the  preservation  of  piles  and  timbers  for  the  same  purpose  and 
recommends  that  they  be  adopted  and  pubhshed  in  the  Manual.  Your  committee  feels 
that  preservatives  bought  under  these  specifications  will  be  the  best  and  most  permanent 
that  can  be  secured  for  the  purpose  intended. 
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Mr.  Chairman,  I  move  that  these  specifications  as  published  in  the  Bulletin  be 
adopted  and  published  in  the  Manual. 

I  The  motion  was  duly  seconded,  was  brought  to  a  vote,  and  carried.] 

Assignment  4 — Preservative   Treatment  of  Forest  Products 

Chairman  Fuhr:  L.  C.  CoUi.ster,  manajier,  Tie  and  Timber  Treating  Department, 
Santa  Fe  System,  is  chairman  of  Subcommittee  4.  The  subcommittee  has  no  report  to 
make  at  this  time,  in  view  of  the  fact  that  no  new  method  of  treatment  or  conditioning 
prior  to  treatment  has  come  to  their  attention  during  the  past  year. 

Assignment   5 — Service   Records   of   Forest   Products 

Chairman  Fuhr:  The  report  on  Assignment  S  will  be  presented  by  Subcommittee 
Chairman  W.  F.  Arksey,  engineer  water  service  and  fuel  facilities.  Great  Northern 
Railway. 

VV.  F.  Arksey:  The  report  of  your  committee  again  gives  the  annual  statistics  on 
tie  renewals  for  the  previous  year.  A  comparison  shows  that  renewals  increased  slightly 
in  1962,  reflecting  better  business  prospects.  Renewals  are  still  below  the  five  year 
average,  however. 

The  termite  control  investigation  at  Gainesville,  Fla.,  is  now  76  months  old.  The 
report  on  last  years  inspection  after  64  months  of  exposure  appears  in  the  December 
1963  issue  of  the  Bulletin.  Conditions  in  the  Gainesville  test  plot  are  condusive  to  a 
high  rate  of  decay  and  termite  attack.  Therefore,  the  test  furnishes  a  much  accelerated 
attack,  the  equivalent  of  many  years  exposure  in  most  environments. 

The  test  is  conducted  on  2-  by  4-in  stakes,  much  smaller  than  usual  railroad  timber. 
Such  stakes  require  about  75  percent  more  treatment  than  a  tie  to  give  equal  protection 
because  of  the  relative  surface  areas  of  the  two  pieces.  This  factor  should  be  taken  into 
account  in  reviewing  the  test  results. 

This  investigation  would  be  very  revealing  to  anyone  interested  in  visiting  the  site 
during  the  inspection,  which  is  held  the  first  week  in  February  each  year. 

Prof.  W.  W.  Hay  (University  of  Illinois):  Mr.  Arksey,  I  have  a  question  regarding 
Table  8  on  page  260.  It  appears  there  that  the  oak  stakes  with  preservatives  10,  11, 
12  and  13  are  showing  early  tendencies  toward  more  decay  than  pine  and  fir  specimens. 
How   do   you   explain   this? 

Mr.  Arksey:  We  feel  that  the  test  is  too  new  as  yet  to  really  draw  conclu.sions 
regarding  the  relative  performance  of  the  different  species  in  any  one  group.  The  actual 
deterioration  of  any  one  stake  that  is  standing  up  well  is  difficult  to  determine.  We  have 
even  found  that  sometimes  you  can  evaluate  a  stake  differently  this  year  than  last  year. 

Assignment  6 — Collaborate  with  AAR  Research  Department  and  Other 
Organizations  in  Research  and  Other  Matters  of  Mutual  Interest 

Chairman  Fuhr:  The  report  on  .Assignment  6  will  be  presented  i)y  Subcommittee 
Chairman  P.   D.  Brentlinger,  forester,  Pennsylvania  Railroad. 

P.  D.  Brentlincer:  The  most  recent  concrete  tie  installation  i)rought  to  the  atten- 
tion of  the  committee  was  made  by  the  Frisco  near  Cabaol,  Mo.,  during  October  1962. 
The  installation  included  10.'?4  ties.  The  ties  were  in.spected  July  1963  and  the  report 
of  that  inspection  is  included  as  a  part  of  our  report  in  Bulletin  582. 

This  inspection  showed  that: 

26.2   percent  of  the  ties  had   tranverse  cracks  between  rails. 
11   ties  had  cracks  from   gage  bolt  holes. 
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3    ties   showed    cracks    from    grooves;    one   tie    had    a    large   crack,   early    failure 

predicted. 
1  tie  had  a  longitudinal  crack. 
1   tie  shunted    track    circuit ;    one    prestressing   strand    had    slipped   and    probably 

made  contact  with  anchor  insert. 
Pads  were  in  good  condition,  few  showing  displacement. 
Less  change  in  gage  readings  had  occurred  in  concrete  tie  section  than  in  adjacent 

wood  tie  control  sections. 

Tests  on  anti-splitting  devices  were  started  in  1957  and  installations  have  been 
made  on  the  Bessemer  &  Lake  Erie,  Erie-Lackawanna,  Illinois  Central,  Louisville  & 
Nashville,  Pennsylvania,  and  Santa  Fe  railroads. 

During  1964  field  examinations  of  these  tests  will  be  conducted,  and  reported  on 
next  year.  These  tests  should  show  the  most  effective  practice  to  follow  for  obtaining 
maximum  service  life  from  cross  ties. 


Chairman  Fuhr:   This  completes  the  reports  of  subcommittees. 

Committee  3  is  indeed  fortunate  in  being  able  to  sponsor  a  special  feature  as  part 
of  this  year's  program. 

J.  Oscar  Blew,  Jr.,  technologist  with  the  United  States  Department  of  Agriculture 
in  its  Forest  Products  Laboratory  at  Madison,  Wis.,  has  graciously  consented  to  speak 
to  us  today.  Mr.  Blew  received  his  BS  and  MS  degrees  at  New  York  State  College  of 
Forestry  and  Syracuse  University.  From  1927  to  1929  he  was  student  and  foreman  with 
the  American  Creosoting  Company  and  Federal  Creosoting  Company  at  New  Haven, 
Conn.,  and  Rome,  N.  Y.  In  1929  he  was  supervisor  treatment,  St.  Louis-San  Francisco 
Railway,  and  from  1930  to  1941  he  served  as  instructor  and  assistant  professor  of  wood 
preservation.  New  York  State  College  of  Forestry.  He  has  been  with  the  U.  S.  Forest 
Products  Laboratory  since  1941,  with  responsibility  for  planning  and  supervising  research 
in  preservative  treating  processes  and  field  or  service  studies  on  wood  treated  with 
preservatives. 

Mr.  Blew  is  the  author  of  numerous  publications  and  articles  on  wood  preserving 
processes  and  results  with  different  species,  also  on  tie  service  studies  and  field  tests  on 
posts  and  stakes. 

With  such  a  background  of  practical  experience  and  training,  Mr.  Blew  is  certainly 
well  qualified  to  speak  to  us  today  on  "Improved  Performance  of  Treated  Wood  in 
Railroad  Structures." 

Gentlemen,  I  am  proud  to  present  to  you  J.  Oscar  Blew,  Jr. 

Improved   Performance   of  Treated   Wood   in 
Railroad  Structures 

By  J.  OSCAR   BLEW,  JR. 

Technologist,    Forest   Products   Laboratory,^   Forest   Service, 
U.S.   Department  of  Agriculture 

Abstract 

The  railroads  have  set  the  pace  in  the  preservative  treatment  of  ties  and  timbers, 
and  good  practices  have  paid  off.  The  performance  of  treated  wood  can  often  be 
improved  through  more  emphasis  on  suitable  wood  species,  better  conditioning  proce- 
dures,  improved  wood   preservatives,   and   quality   control   in   processing. 


1  Maintained   at   Madison,   Wis.,   in   cooperation   with   the   University  of  Wisconsin. 
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Introduction 

Less  than  a  year  ago  at  the  196.?  .Annual  Meeting  of  the  American  Wood-Preservers' 
Association,  I  had  the  pleasure  of  reporting  on  the  highly  favorable  performance  of 
treated  ties  in  service  tests  started  50  years  ago  by  the  Fore.st  Products  Laboratory  and 
the  Milwaukee  Road  (2)^'  With  those  records  and  the  steady  reduction  in  annual  tie 
renewals  just  referred  to  by  a  previous  speaker,  it  may  appear  presumptuous  for  me 
to  come  before  you   today  with  the  topic  I  have  selected. 

The  late  Grant  B.  Shipley  estimated,  largely  on  the  basis  of  railroad  experience, 
that  over  the  period  1909  to  1949  a  total  saving  of  441.2  billion  board  feet  of  wood 
resulted  through  preservative  treatment  (17).  This  saving  averaged  10.8  billion  board 
feet  per  year  or  over  one-third  of  the  average  annual  lumber  consumption  for  the  same 
period — enough  lumber  to  build  1.7  million  small  homes.  I  am  aware  that  others,  wishing 
to  illustrate  the  benefits  of  wood  preservation,  invariably  build  their  cases  from  the 
long  and  favorable  experience  of  the  railroads  with  treated  cross  ties  and  other  wood 
structures.  Until  20  years  ago  cross  ties  and  switch  ties  alone  constituted  more  than 
one-half   the   total   volume   of   wood   treated   in   the   United   States.  Table   1   shows   the 

Table   1 — Wood  Treated  in  the  United  States 


Year 

Total 

Cross  Ties  and  Strilch  Ties 

1922                                            

Million  Cu  Ft 

166.fi 
1.57.4 
312.9 
315.0 
212.4 

Million  Cu  Ft 

♦133. <t 
113.7 
176.4 
136.5 
47.2 

Percent  of  Total 
80 

1932 !.__.. 

72 

1942 J. .. 

56 

1952 \ - 

1962 

43 

21 

*Quantity  switch  ties  not  reported  and  estimated  at  10  million  ou  ft. 


percentage  of  cross  ties  and  switch  ties  comprising  the  total  volume  of  wood  treated 
at  10-year  intervals  from  1922  to  1962  (13,  18).  This  percentage  dropped  from  80 
percent  in  1922  to  21  percent  in  1962.  During  this  40-year  period,  cross  tie  replacements 
have  dropped  from  more  than  200  to  40  per  mile  of  track.  Economic  conditions,  as  you 
know,  have  contributed  to  these  changes,  but  more  important  is  the  improved  qualit\' 
and  performance  of  treated  ties.  You  and  the  wood  preserving  industry  should  be 
complimented   for  your   fruitful   efforts  in  quality  control. 

While  it  is  fine  to  pass  out  compliments,  they  are  not  going  to  be  of  material  help 
in  years  ahead.  I  am  hopeful  that,  with  the  shackles  removed  and  your  own  serious 
efforts  toward  improvement,  the  railroads  will  again  move  into  the  position  they  deserve 
in  our  transportation  system.  Despite  past  records,  premature  failures  and  costly 
replacements  of  treated  cross  ties,  bridge  timbers,  piling,  poles,  fence  posts,  cro.ssing 
plank,  and  building  lumber  sometimes  occur.  There  is  definite  need  for  improvement 
in  the  performance  of  such  structures  and  a  further  reduction  in  maintenance  costs. 

What  Influences  Treated  Wood  Performance? 

Basically,    the    performance    of    treated    wood    is   influenced    by    the    following    three 


factors: 


1.  Preservative  quality. 

2.  Preservative  penetration  and  distribution. 

?>.  The  retention  or  quantity  of  preservative  used. 


'Numbers   in    parenthe.<cs   refer   to   Litoraturr   rilctl. 
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Other  factors  such  as  poor  initial  wood  quality,  strength  reduction  due  to  improper 
treatment,  and  improper  handling  of  wood  after  treatment  are  important,  of  course. 

From  the  reports  of  the  committee,  it  is  evident  that  you  are  moving  ahead  to 
bring  out  new  and  promising  wood  preservatives,  and  also  to  determine  the  quality  of 
wood  preservatives  through  the  Termite  Control  Investigation  and  service  records.  We 
at  the  Forest  Products  Laboratory  have  welcomed  the  opportunities  to  work  with  you 
on  these  worthwhile  projects.  Many  of  you  are  familiar  with  our  continuing  efforts  in 
developing  and  evaluating  preservatives  in  laboratory  screening  tests  and  the  further 
evaluation  of  promising  materials  through  field  tests  on  stakes  and  posts.  The  results  of 
these  field  tests  are  published  annually,  and  the  reports  (3,  4)  are  available  on  request 
without  charge. 

Laboratory  and  field  tests  for  evaluating  wood  preservatives  are  usually  limited  to 
one  species  of  an  easily  penetrated  wood  such  as  sapwood  of  southern  pine.  Recent 
studies  on  soft-rot  fungi  have  shown  them  to  be  more  detrimental  to  wet  wood  and  to 
attack  some  woods,  particularly  hardwoods  and  wood  treated  with  some  preservatives, 
more  quickly  than  others  (7).  Stake  tests  on  treated  plywood  of  different  species  show, 
for  example,  better  performance  of  Douglas  fir  treated  with  pentachlorophenol  or  with 
fluor  chrome  arsenate  phenol  than  sweetgum  similarly  treated  (3).  Duncan  (8)  also 
showed  differences  in  preservative  thresholds  with  different  wood  species  and  fungi, 
particularly  the  marked  difference  between  sweetgum  and  southern  pine.  These  results 
indicate,  in  the  evaluation  of  preservative  quality,  the  need  for  using  additional  species, 
as  was  done  in  your  Termite  Control  Investigation,  and  the  need  for  field  test  sites  of 
different  moisture  and  soil  conditions.  Species  selected  must  be  well  penetrated  with  pre- 
servative or  otherwise  this  factor  could  outweigh  other  variables.  Scheffer  (16)  has  also 
suggested  that  higher  preservative  retentions  and  mixtures  of  preservatives  be  empha- 
sized to  compensate  for  greater  degradation  of  some  species  and  preservatives  by  both 
wood  rotters  and  soft-rot  fungi. 

The  majority  of  premature  failures  of  treated  wood  coming  to  our  attention  can  be 
attributed  to  poor  or  inadequate  penetration.  The  Bell  Telephone  Laboratories  have  in- 
dicated poor  penetration  to  be  the  most  important  cause  of  fungus  infection  and  failure 
of  poles  due  to  decay  (5).  Fig.  1  shows  a  typical  failure  of  a  pole  due  to  poor  penetra- 
tion. Fig.  2  shows  sections  of  treated  bridge  timbers  removed  because  of  decay  from  a 
railroad  bridge  in  a  Gulf  Coast  region  after  5  years  of  service.  Experience  in  field  and 
service  tests  has  clearly  shown  that  the  performance  of  a  poor  preservative,  for  ex- 
ample petroleum  oil,  can  be  better  than  that  of  high-quality  coal-tar  creosote  with  poor 
penetration  (9). 

Lumsden  (12)  has  shown  that  in  southern  pine  poles  treated  with  a  creosote  re- 
tention of  8  lb  per  cu  ft,  53  percent  of  the  poles,  on  the  basis  of  gain  in  weight,  showed 
retentions  less  than  6  lb  per  cu  ft.  He  attributes  the  early  failures  noted  in  "8  lb" 
southern  pine  poles  to  this  factor.  Fig.  3  shows  a  section  of  a  southern  pine  timber  that 
failed  in  a  railroad  bridge  in  southeastern  U.S.  after  9  years  because  of  low  retention 
and  poor  distribution  of  creosote. 

Preservative  distribution  and  retention  are  often  influenced  by  similar  factors,  and 
a  discussion  of  these  factors  will  indicate  areas  for  improved  treatment  and  performance. 

Species  selection — It  is  well  known  that  the  sapwood  as  well  as  the  heartwood  of 
some  species  is  resistant  to  penetration  of  preservative.  Specifications  for  the  treatment 
of  various  forest  products,  however,  do  not  adequately  recognize  these  differences.  There 
is  generally  no  distinction,  for  example,  in  tupelo  (blackgum)  and  sweetgum  (redgum)  in 
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Fig.  1 — An  above-ground-line  section  and  a  ground-line  section  of  a 
poorly  penetrated  Douglas  fir  pole  which  failed  in  Wyoming  after  only  9 
years.  Sapwood  line  is  penciled  in  and  it  will  be  noted  that  ^-in  penetration, 
as  required  in  some  specifications,  could  be  met  if  boring  were  taken  at 
selected  points  around  the  periphery. 


treatment  specifications  for  cross  ties  and  timbers.  The  heartwood  of  sweetyum  is  much 
more  resistant  to  penetration  of  preservatives  than  that  of  tupclo.  and  recent  observa- 
tions on  gum  cross  ties  have  clearly  shown  the  improved  performance  of  the  more  uni- 
formly penetrated  tupelo. 

White  oak  and  some  of  the  red  oaks  prown  in  .Mabama  and  Florida  have  heart- 
wood  resistance  to  penetration,  and  premature  failures  have  been  noted  in  such  cases 
within  10  years  {Fifi.  4).  Treatment  specifications  from  .\merican  Wood-Preservers'  .As- 
sociation and  .American  Society  for  Testing  and  Materials  for  lumber  and  timber  have 
recently  recognized  the  high  resistance  to  penetration  of  Rocky  Mountain  Douglas  fir 
and  do  not  now  recommend  this  wood  for  use  in  coastal  waters.  Its  use  is  otherwise 
permitted  in  treatment  specifications  for  lumber,  timbers,  land  and  fresh  water  piles, 
poles,  posts,  and  cro.ss  ties;  heartwood  penetration,  even  with  incising,  is  generally  poor, 
and  preservative  di.stribution  and  retention  in  sapwood  arc  frequently  less  than  that 
required  for  good  protection  (Fig.  .^).  Species  resistant  to  sapwood  penetration,  namely 
white  and  Engelmann  spruces  and  Rocky  Mountain  (interior  north)  DouL'las  fir,  have 
been  included  in  the  recently  revised  .American  Standards  .Association  Specifications  and 
Dimensions  for  Wood  Poles  (05.1-196.?).  Unless  results  of  treatment  can  i)e  improved, 
poles  of  these  woods  are  less  likely  to  nive  long  service  than  the  more  easily  treated 
species. 

In  round  poles  and  timbers  with  limited  but  junetrable  sapwood  and  with  heart- 
wood    of    limited    decay    resistance,    a    reasonably    thick    i)enet ration    is    needed    for   good 
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Fig.   2 — Cross   sections   of   treated  bridge   timbers  removed,  because  of 
decay,  from  a  railroad  bridge  in  the  Gulf  Coast  region  after  5  years. 
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Fig.  3 — Failure  of  this  southern  pine  bridge  timber  after  9  years  of 
service  was  attributed  to  erratic  penetration  and  low  retention  of  the 
creosote,  possibly  as  a  result  of  excessive  moisture  in  the  wood  when 
treated. 


Fig.  4 — Sections  of  poorly  penetrated  red  oak  ties  removed  in  the  south- 
eastern United  States  after  10  years.  Poor  penetration  is  attributed  to 
limited  sapwood  and  to  tyloses  in  the  heartwood. 
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Fig.  5 — Split  sections  of  pressure-creosoted  posts  of  Pacific  Coast 
Douglas  fir  (No.  14),  Rocky  Mountain  Douglas  fir  (Nos.  25  and  24),  and 
western  larch  (No.  39)  showing  sapwood  penetration  and  longitudinal  pene- 
tration of  preservative  in  heartwood.  Note  poor  and  erratic  distribution  of 
preservative  in  sapwood  of  Rocky  Mountain  Douglas  fir,  both  of  which  had 
retentions  less  than  6  lb  per  cut  ft,  compared  with  10  and  11  lb,  respectively, 
for  the   Pacific  Coast  Douglas  fir  and  western  larch  posts. 
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service.  This  is  best  accomplished  through  a  minimum  penetration  requirement.  Failures 
of  lodgepole  pine  poles  have  occurred  within  8  to  10  years  as  a  result  either  of  thin 
sapwood  and  poor  penetration  or  of  checking  beyond  the  thin  protective  shell  after  treat- 
ment. Service  tests  on  lodgepole  pine  poles  known  to  have  a  penetration  of  approxi- 
mately 0.75  in,  however,  have  shown  an  average  life  exceeding  30  years.  .\\VP.\  Stand- 
ard C4-63  for  poles  now  requires  a  minimum  penetration  of  0.75  in  for  lodgepole  pine 
and  Pacific  Coast  Douglas  fir;  a  minimum  requirement  of  0.5  in  for  western  larch  has 
been  in  effect  for  several  years. 

Conditioning  prior  to  treatment — Conditioning  procedures  such  as  air  seasoning, 
kiln  (tunnel)  drying,  steam  conditioning,  Boultonizing,  and  vapor  drying  are  used  prior 
to  treatment,  principally  to  reduce  the  moisture  content  sufficiently  to  obtain  the  re- 
quired penetration  of  preservative.  It  is  equally  important,  although  not  sufficiently  rec- 
ognized in  treatment  specifications,  that  the  wood  be  sufficiently  dry  so  that  objection- 
able checking  does  not  occur  after  treatment. 

More  information  is  required  as  to  the  optimum  moisture  contents  that  are  required 
for  different  species  and  products  to  accomplish  this  purpose.  The  studies  made  at  the 
Laboratory  in  1955  (1)  showed  that  better  penetrations  could  be  obtained  in  un- 
seasoned Douglas  fir  heartwood  at  a  moisture  content  of  ii  to  37  percent  than  in  mate- 
rial seasoned  to  an  air-dry  condition  of  15  to  19  percent.  With  shortleaf  pine,  however, 
better  penetration  was  obtained  in  seasoned  material  than  in  green  and  steam-condi- 
tioned material.  Differences  in  each  case  were  more  pronounced  with  a  waterborne  pre- 
servative than  with  preservative  oils.  Satisfactory  retentions  and  penetrations  have  been 
obtained  in  red  oak  ties  air  seasoned  to  an  average  moisture  content  of  SO  percent 
(14),  although  checking  after  treatment  has  been  experienced  when  our  treated  red  oak 
ties  have  been  shipped  to  distant  and  drier  areas  abroad. 

Southern  pine  poles  are  commonly  treated  green  after  steam  conditioning.  Davies 
(6),  however,  suggests  air  seasoning  for  a  minimum  of  3  weeks  before  steam  condition- 
ing. In  the  case  of  marine  piles,  somewhat  longer  air  seasoning  or  kiln  drying  is  re- 
quired to  obtain  the  required  high  minimum  preservative  retention  of  25  lb  per  cu  ft. 
.\  study  of  preservative  penetrations  obtained  in  class  5,  25-ft  longleaf  pine  poles,  which 
were  used  in  a  supplementary  series  of  the  recent  ASTM  pole  test  program  (19), 
showed  that  poles  with  less  than  85  percent  sapwood  penetration  generally  had  a  mois- 
ture content  averaging  over  60  percent.  Moi.sture  content  values  in  these  poles  ran  as 
high  as  85  percent  after  steam  conditioning,  and  the  reduction  during  steam  condition- 
ing varied  from  10  to  20  percent.  Even  at  an  85  percent  moisture  content,  longleaf  pine 
contains  approximately  20  percent  air  space.  If  this  space  is  filled  to  80  percent  capacity, 
it  would  hold  nearly  11  lb  of  coal-tar  creosote  per  cubic  foot.  This  would  not  assure 
good  distribution  of  the  creosote,  however,  since  the  preservative  would  penetrate  mostly 
the  outer  surface,  where  the  moisture  content  would  be  lower  than  the  85  percent 
average. 

M  a  moisture  content  considerably  higher  than  the  fiber-.saturation  point  of  about 
30  percent,  it  is  possible  to  obtain  adequate  retentions  and  penetration  of  preservative. 
It  is  at  the  fiber-saturation  point  that  shrinkage  and  checking  of  the  wood  begins.  If 
the  wood  is  not  adequately  dried  before  treatment,  it  will  continue  to  lo.se  moisture  until 
it  reaches  moisture  equilibrium  with  the  surrounding  moisture  conditions.  This  equi- 
librium point  in  poles  has  been  noted  to  run  as  low  as  10  percent  moisture  content  at  6 
in  above  the  ground  line  in  some  areas  (19).  Moisture  loss  of  such  a  level  after  treat- 
ment can  be  accompanied  by  objectionable  checking  of  the  poles  and  premature  failures, 
some  of  which  have  been  referred  to  previously  in  connection  with  thin  sapwood  mem- 
null.  r>s8 
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bers.  Checking  after  treatment  is  generally  not  serious  in  poles  of  thick  sapwood  spe- 
cies, such  as  southern  pine,  unless  the  sapwood  is  poorly  penetrated.  Considerable  diffi- 
culty has  been  noted  as  a  result  of  heartwood  decay  in  the  thinner  sapwood  pole  spe- 
cies, such  as  Douglas  fir  and  lodgepole  pine.  The  problem  of  checking  after  treatment 
has  been  noted  in  Douglas  fir  poles  used  in  such  areas  of  heavy  termite  activity  as 
Hawaii. 

The  air  .seasoning  of  southern  pine  involves  several  problems  associated  with  fungus 
infection.  Lindgren  and  Erickson  (11)  have  reported  on  the  problem  of  storage  decay 
caused  by  Peniophora  in  southern  pine,  and  mentioned  that  losses  in  toughness  proper- 
ties, which  are  most  sensitive  to  such  degradation,  run  as  high  as  33  percent.  Mold  and 
stain  infections  are  also  common  in  the  air  seasoning  of  southern  pine  poles.  While  these 
infections  are  not  considered  important  from  the  standpoint  of  strength  reduction,  they 
do  greatly  increase  the  absorptiveness  of  the  sapwood.  Lindgren  (10)  has  shown  that 
round  southern  pine  with  heavy  stain  and  Trichoderma  mold  infection  absorbs  as  much 
as  7.2  lb  of  a  preservative  oil  per  cubic  foot  after  5  min  of  immersion,  as  compared 
with  0.9  lb  per  cu  ft  that  is  absorbed  by  material  with  little  or  no  infection.  He  has 
also  noted  a  water  pick-up  of  28  to  30  lb  per  cu  ft  when  mold-infected  wood  is  ex- 
posed during  2  days  of  drizzling  rains  with  intermittent  heavy  showers.  There  are  good 
indications  that  early  failures  caused  by  low  retentions  and  poor  preservative  penetra- 
tion in  southern  pine  poles  and  timbers  were  due  to  such  mold  infection  and  the  ex- 
cessive moisture  pick-up  of  rain  water. 

From  a  recent  pilot  plant  study,  simple  applications  of  chemicals,  such  as  am- 
monium bifluoride,  showed  improved  results  in  controlling  infection  throughout  the  sap- 
wood  of  southern  pine  poles  during  air  seasoning  (15 ). 

The  influence  of  some  conditioning  procedures  on  the  strength  of  wood  was  shown 
in  the  ASTM  tests  on  treated  poles  (19).  The  bending  strength  of  southern  pine  test 
poles  was  reduced  20  to  40  percent  under  treatment  schedules  that  included  steam  con- 
ditioning within  the  limits  of  AWPA  Standard  C4-S7.  The  maximum  steaming  tempera- 
ture of  259  F  has  recently  been  reduced  to  245  F  to  encourage  the  use  of  a  lower  and 
less  harmful  temperature.  Douglas  lir  and  western  larch  poles  showed  about  10  percent 
loss  in  bending  strength  through  Boultonizing  under  AWPA  Standard  C4-57.  Lodgepole 
pine  and  western  redcedar  poles  showed  no  significant  change  in  strength  as  a  result  of 
air  seasoning. 

The  current  trend  toward  kiln  drying  of  poles,  piling  and  cross  ties  is  highly  re- 
garded and  should  materially  correct  these  difficulties  that  have  been  experienced  during 
conditioning  and  thereby  improve  the  performance  of  these  treated  products. 

Machining  prior  to  treatment — The  railroads  have  been  more  alert  than  other  users 
of  treated  wood  to  the  importance  of  machining  before  treatment.  Adzing,  boring,  and 
end  trimming  of  cross  ties  has  long  been  a  standard  procedure  and  you  have  recognized 
the  benefits  of  incising  some  of  the  difficult-to-penetrate  woods.  I  can  distinctly  recall  at 
a  plant  where  I  was  employed  in  the  days  of  the  steam  locomotive,  a  somewhat  com- 
plicated structure  such  as  water  tower  being  completely  prefabricated,  assembled  and 
knocked  down  for  treatment.  I  refer  to  this  observation  when  some  builders  tell  me  that 
prefabrication  is  impossible.  There  are,  of  course,  structures  such  as  marine  and  founda- 
tion piles  and  many  buildings  where  cutting  after  treatment  cannot  be  avoided.  In  such 
cases  protection  of  cut  surfaces  should  not  be  overlooked  (Fig.  6) . 
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Fig.  6 — Section  of  southern  pine  pile  removed,  because  of  interior  decay, 
from  a  New*  England  railroad  bridge  after  10  years  of  service.  Cut  surface 
of  pile  was  not  protected  after  driving. 


In  the  case  of  building  lumhcr  and  luml)ci  t<»  he  treated  prior  to  kIuIiic  for  lami- 
nated timbers,  where  culting  and  surfacing  after  treatment  is  anticipated,  incisinu  or  a 
selection  of  easily  penetrated  wood  are  means  for  improvement.  American  Institute  of 
Timber  Construction  (Section  1100)  TrcatinK  Standard  of  October  1,  IQ.^iQ,  for  laminal- 
inK  recommends  incisinp  for  resistant  woods.  More  easily  penetrated  dry  western  hem- 
lock lumber,  for  example,  has  been  sunne.sled  for  Navy  housing  in  Hawaii  where  treated 
Douglas  fir  proved  unsatisfactory  because  of  termite  entry  at  cut  surfaces. 

Quality  control — Reference  has  been  made  to  specification  weaknesses,  but  ncncrally 
railroad  product  and  treatment  specifications,  if  followed,  provide  for  a  product  of  fairly 
high  quality.  Specifications  arc  of  no  value  unless  enforced,  and  it  has  been  my  observa- 
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Fig.  7 — (Top)  The  end  of  a  southern  pine  pole  that  appears  to  be  in 
sound  condition  after  8  months  of  air  seasoning  in  Louisiana.  (Bottom) 
Advanced  rot  2  in  from  the  end  illustrates  the  importance  of  end  trimming 
during  inspection  before  treatment. 
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tion  that  some  railroad  inspection  is  very  effective  while  some  is  not.  Difficulties  re- 
ferred to  earlier  could  have  been  avoided  with  a  closer  inspection  of  the  wood  before 
and  durinp  treatment.  The  need  for  careful  inspection  of  wood  before  treatment  is  illus- 
trated in  Fig.  7. 

Pole  and  piling  treatment  specifications  now  furnish  an  opportunity  for  a  check  on 
preservative  retention  at  destination  and  possibly  with  greater  accuracy  than  was  pos- 
sible with  gage  readings.  Procedures  for  retention  by  preservative  extraction  from 
treated  ties,  timbers,  and  lumber  have  not  yet  been  developed,  but  determination  of 
retention  alone,  particularly  on  the  basis  of  composite  samples  from  several  items,  does 
not  assure  high  quality  for  every  treated  tie  or  timber.  Such  determination  cannot  be 
considered  as  a  substitute  for  penetration  determinations  and  for  careful  ob.servations  by 
an  inspector  during  selection,  fabrication,  and  treatment  of  the  wood.  Efforts  to  deter- 
mine retentions  by  extraction  at  lower  cost  are  now  under  way,  and  retentions  ccm- 
bined  with  penetration  measurements  in  individual  pieces  should  do  much  to  eliminate 
the  "weak  sisters"  in  the  charge  of  treated  wood.  The  present  cost  of  retention  and  pene- 
tration determinations  en  individual  piles,  poles,  and  timbers  of  high  replacement  cost 
could  now  very  well  be  justified,  in  my  opinion,  in  the  interest  of  improved  performance 
and  reduced  annual  charges. 

Summary 

Attention  has  been  called  to  several  areas  in  the  production  of  treated  wood  prod- 
ucts where  experience  and  premature  failures  indicate  the  need  for  better  material  selec- 
tion and  better  treatment.  Attention  is  focused  on  preservative  quality;  selection  of 
easier  penetrated  species;  adequate  sapwood  depth;  improved  conditioning  to  control 
moisture  content,  checking  and  fungus  infection;  machining  before  treatment;  and  im- 
proved inspection  as  means  for  improved  performance  in  railroad  structures. 
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Chairman  Fuhr:  Mr.  Blew,  on  behalf  of  the  Association  I  want  to  thank  you 
for  an  informative  presentation.  The  Association  is  indebted  to  you  for  taking  time 
out  of  your  busy  schedule  to  appear  here  today. 

Mr.  Vice  President,  this  concludes  Committee  3's  part  of  the  program. 

Vice  President  Johnston:  Thank  you,  Mr.  Fuhr.  With  its  enlarged  scope  during 
the  past  two  years,  covering  wood  preservation  as  well  as  ties,  your  committee  has  a 
long  list  of  important  subjects  to  work  on,  and  it  is  evident  that  it  is  working  on  them. 
Keep  up   the  good  work. 

Mr.  Blew,  we  have  been  honored  and  pleased  to  have  you  on  our  program  this 
afternoon,  representing  your  great  organization  at  Madison.  We  appreciate  the  impor- 
tant contributions  which  your  laboratory  has  made  in  helping  the  railroads  get  improved 
performance   out   of   their   timber  products. 
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Mr.  Fuhr,  your  committee  is  now  excused  with  the  thanivs  of  the  Association. 
[Applause] 

[Vice    President    Burris   assumed   the    chair.] 

Discussion  on  Economics  of  Railway  Labor 

[For  rt-port,  see   Kulletin   582,  pages  269-286) 

Vice  President  Burris:  I  shall  call  next  on  our  committee  which  deals  with  the 
most  effective  and  economical  use  of  railway  labor.  I  refer  to  our  Committee  22 — 
Economics  of  Railway  Labor,  the  chairman  of  which  is  J.  E.  Eisemann,  chief  engineer, 
Western  Lines,  Atchison,  Topeka  &  Santa  Fe  Railway,  at  .^mariilo,  Tex. 

Mr.  Eisemann,  if  you  will  bring  your  committee  up  here,  I  shall  be  glad  to  yield 
this  microphone  to  you.  I  hope  your  reports  will  generate  some  discussion.  You  may 
proceed. 

Chairm.ax  J.  E.  Eisemann:  Your  committee  wishes  to  express  its  .sorrow  at  the 
death  on  January  6,  1Q64,  of  Lem  Adams,  long-time  member  and  Member  Emeritus 
of  Committee  22.  .K  memoir  in  his  honor  has  been  prepared  for  publication  in  the 
Proceedings. 

MEMOIR 

Hemuel  lillack  3tiam£( 

Lemuel  Black  .\dams,  78,  former  chief  engineer.  Union  Pacilk  Railroa<i,  and  retired 
vice  president.  Oxweld  Railroad  Service  Company  (now  the  Oxweld  Railroad  Depart- 
ment, Linde  Division,  Union  Carbide  Corporation),  died  on  Monday  January  6,  1964, 
at  his  home  in  Redwood  City,  Calif.,  after  a  long  illness.  He  is  survived  by  his  wife, 
Frederica  Sargent  Adams;  one  son,  James  McEwen  Adams;  two  grand-daughters;  and 
two  sisters.  Miss  Virginia  Adams  and  Mrs.  Agatha  McCaleb. 

Mr.  Adams  was  born  at  Buda,  Tex.  on  June  4,  1886,  the  son  of  James  McEwen 
.\dams  and  Virginia  Black  .^dams,  owners  of  a  cotton  plantation.  He  received  a  B.S. 
degree  in  civil  engineering  from  Texas  A.  &  M.  College  in  1008,  entered  railroad  service 
in  1909  as  a  rodman  on  the  Oregon  Short  Line,  part  of  the  Union  Pacific  System,  and 
was  married  to  Frederica  Sargent  on  March  8,  1911,  at  Gienns  Ferry,  Idaho. 

Promoted  through  the  various  positions  in  the  engineering  and  maintenance  of 
way  departments,  he  became  chief  engineer  of  the  Union  Pacific  in  January  1933.  In 
.\ugust  1933  became  chief  engineer,  Oxweld  Railroad  Service  Company,  and  on 
February   1,   1939,   vice  president.   He   retired   in    1951. 

Mr.  .^dams  joined  the  .American  Railway  Engineering  .Association  in  March  1923 
and  was  a  member  of  Committee  22  from  1924  to  1927,  and  from  1029  to  the  time 
of  his  death.  He  was  vice  chairman  of  the  committee  from  1030  to  1932  and  chairman 
in  1933.  He  became  a  Life  Member  of  the  .American  Railway  Engineering  .Association 
in  1951  and  was  elected  Member  Emeritus  of  Committee  22  in  1953. 

Mr.  .Adams  served  on  the  Track  committee  and  the  Committee  on  Cooperative 
Relations  with  Universities.  He  was  a  member  of  the  Track  Supply  .Association  and 
was  its  President  in  1939.  member  of  the  Western  Railway  Club,  Xew  England  Rail- 
way Club  and  Canadian  Railroad  Club.  He  was  widely  and  favorably  known  among 
railroad  engineering  and   maintenance  officers  throughout   the  country. 

He  was  a  member  of  the  First  Methodist  Church  of  Redwood  City  and,  because 
of  his  extraordinarv  activities  on  the  Board  of  Trustees  of  his  church,  heading  up  vir- 
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tually  every  committee  and  visiting  the  sick  at  home,  he  was  known  as  "Mr.  Methodist." 
He  was  a  Shriner,  Islam   (Peninsula  Bodies)   and  32nd  degree  Mason. 

The  sound  judgment,  administrative  ability  and  friendship  of  Lemuel  Adams  will 
long  be  remembered  by  Committee  22,  and  it  is  with  sorrow  and  regret  that  we  record 
his  passing. 

Frank  R.  Woolford 
Merwin  H.  Dick 
George  M.  O'Rourke 
Committee  on  Memoir 

Assignment  1 — Revision  of  Manual 

Chairman  Eisemann:  There  will  be  no  report  on  Assignment  1 ;  no  revision  was 
deemed  necessary.  At  this  time  I  should  like  to  recognize  Professor  W.  W.  Hay  of  the 
University  of  Illinois,  as  chairman  of  that  Subcommittee. 

Assignment  2 — Analysis  of  Operations  of  Railways  that  Have  Substan- 
tially Reduced  the  Cost  of  Labor  Required  in  Maintenance  of   Way   Work 

Chairman  Eisemann:   We  shall  skip  our  report  on  Assignment  2  for  the  moment. 

Assignment  3 — Economics  of  Labor  in  the  Laying  of  Continuous 
Welded  Rail,  Collaborating  with  the  Special  Committee  on  Continuous 
Welded  Rail 

Chairman  Eisemann:  The  chairman  of  this  subcommittee  is  J.  R.  Miller,  division 
engineer,  Illinois  Central.  The  subcommittee's  report  is  presented  as  information,  with 
the  proviso  that  the  study  will  continue  this  coming  year.  Net  enough  answers  were 
obtained  last  year.  Mr.  Miller,  will  you  stand  and  be  recognized,  please. 

Assignment  4 — Economics  of  Labor  in  Laying  New  and  Relay  Rail  by 
a  System  Force  on  a  Program  Basis   Vs.  by  Small  Division  Forces 

Chairman  Eisemann:  This  report,  prepared  by  J.  A.  Barnes,  engineer  of  track, 
Chicago  &  North  Western,  is  presented  as  information  in  its  final  form.  Mr.  Barnes,  will 
you   kindly   stand  and  be   recognized. 

Assignment  5 — Economics  of  Labor  in  Unloading  Cross  Ties  by  Hand 
Vs.  with  Machinery  and  Specially  Equipped  Cars 

Chairman  Eisemann:  This  is  a  final  report,  presented  as  information.  It  was 
prepared  under  the  direction  of  Subcommittee  Chairman  J.  A.  Caywood,  general  man- 
ager engineering  planning,  of  the  B&O  and  C&O.  Mr.  Caywood,  will  you  kindly  stand 
and  be  recognized. 

I  think  many  of  you  have  read  this  report.  It  is  very  interesting. 

Assignment  6 — Economics  of  Labor  in  Tie  Renewals — Cutting  Ties  Vs. 
Removing   Whole   Ties 

Chairman  Eisemann:  A  brief  progress  statement  is  presented  as  information. 
G.  E.  Warfel,  district  engineer  of  the  Frisco,  is  subcommittee  chairman.  He  was  not 
able  in  a  single  year  to  obtain  enough  answers  to  his  questionnaire  to  prepare  a  sig- 
nificant report.  The  study  will  be  continued  and  a  report  will  be  presented  a  year 
from  now. 
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Assignment  2 — Analysis  of  Operations  of  Railways  that  Have  Substan- 
tially Reduced  the  Cost  of  Labor  Required  in  Maintenance  of   Way   Work 

CuAiRMANN  Eiskmann:  Now  we  shall  >;o  back  to  Assif;ntnent  2  on  which  a  pro^Tcss 
report  is  submitted  as  information.  It  is  the  twenty-second  report  of  a  series  on  this 
subject  that  has  been  reassigned  annually  since  19.55.  This  report  normally  is  based  on 
an  annual  field  inspection  trip  by  members  of  the  committee.  This  past  summer  Com- 
mittee 22  went  to  Minneapolis,  Minn.,  where  we  were  the  guests  of  the  Great  Northern. 

I  should  like  to  take  this  opportunity  to  thank  the  Great  Northern  publicly  for 
the  excellent  manner  in  which  that  road  accommodated  Committee  22  and  arranged 
to  show  them  some  intcrestinR  track  rehabilitation  work.  In  this  connection,  W.  J. 
Cruse,  engineer  maintenance  of  way  of  the  Great  Northern,  has  kindly  consented  to 
give  us  an  address  on  how  their  new  type  undertrack  plowing  and  sledding  operation 
is  handled,  which  was  one  of  the  operations  observed  by  the  committee.  He  is  also 
going  to  show  a  movie  that  I  am  sure  will  be  quite  interesting.  Mr.  Cruse  will  make 
running  comments   as   the   movie  is  shown. 

May   I   introduce   Mr.   Cruse  at   this   time. 

Winch-Drawn    Undertrack    Sledding — Tie    Removal — 

Surfacing — Lining    Operations    on    the    Great 

Northern  Railway 

By  W.  J.  CRUSE 

Engineer   Maintenance  of  Way,   Great   Northern   Railway 

I  should  like  to  make  a  few  comments  in  connection  with  the  film  to  be  shown, 
which  was  furnished  me  by  R.  F.  Bush,  assistant  chief  engineer-maintenance,  Erie- 
Lackawanna  Railroad.  The  film  was  taken  in  .\ugust  1963  at  the  time  Committee  22 
held  its  meeting  in  Minneapolis,  Minn.,  and  at  which  time  the  Great  Northern  Railway 
arranged  for  an  inspection  of  a  track  rehabilitation  project  in  the  vicinity  of  Ruthton. 
Minn.  Details  of  the  inspection  are  covered  in  Bulletin  582  dated  December  196.5,  page 
270  through  275. 

In  carrying  out  this  rehabilitation  work  various  types  of  specialized  machinery  are 
employed,  namely,  a  winch-drawn  undertrack  sled  complete  with  tie  ejection  equipment, 
followed  by  tie  inserters,  tie  spacers  and  spikers.  Following  this  operation  is  a  complete 
surfacing  and  lining  operation. 

The  normal  sequence  of  work  performed  by  this  gang  is  to  sled  under  the  previous 
day's  new  ballast,  approximately  one  mile.  This  allows  the  surfacing  gang  to  start  work 
immediately  behind  the  sled  operation.  When  the  .sled  crew  has  finished  sledding  under 
the  new  ballast,  they  continue  on  another  mile,  sledding  under  the  old  ballast,  making 
the  tic  renewals,  releasing  the  anchors,  respacing  the  ties,  resetting  the  anchors,  after 
which  the  work  train  fills  the  track  with  new  ballast.  The  track  is  then  ready  for  the 
next  day's  sledding  operation.  The  film  will  follow  the  .sequence  I  have  ju.st  briefly 
outlined. 

[The   film    was   then   shown,   after   which    Mr.   Cruse   continued   as   follows:) 

Mr.  Crusk:  The  Great  Northern  has  been  doing  rehal)ilitation  work  of  this  nature 
for  a  number  of  years.  The  practice  is  to  install  new  treated  ties  where  required,  and 
if  joint  conditions  warrant,  reformed  headfree  toeless  joint  bars  are  installed  in  advance 
of  the  sledding  operation;  however,  if  relaying  is  warranted,  the  ballasting  and  tie 
renewal  work  is  performed  in  advance  of  the  relaying.  In  196,5  the  Great  Northern 
sledded  285  miles  of  track. 
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This  coming  work  season  we  shall  have  two  sets  of  this  equipment  in  service,  start- 
ing in  early  May,  and  should  any  of  you  desire  to  observe  this  equipment  in  operation, 
you  are  more  than  welcome.  If  you  will  call  or  write,  arrangements  will  be  made  for 
your  viewing.   [Applause] 


Chairman  Eisemann:  Are  there  any  questions  anyone  would  like  to  ask  Mr.  Cruse? 

R.  H.  Carpenter  (Missouri  Pacific):  I  should  like  to  ask  Mr.  Cruse  what  the 
economy  of  the  tow  winch  is  over  the  work  train. 

Mr.  Cruse:  Our  experience  has  been  that  in  sledding  operations  of  this  kind,  when 
you  do  two  miles  in  one  day,  it  really  requires  two  work  trains  if  you  don't  have  the 
tow  winch.  When  you  skeletonize  a  mile  of  track  in  hot  weather  you  have  to  get  the 
track  filled  in.  Furthermore,  the  operating  people  are  at  us  to  keep  slow  orders  to  a 
minimum.  By  using  the  winch  cart  we  can  utilize  the  work  train  a  maximum  of  8 
to  10  hr  a  day,  whereas  to  try  to  accomplish  the  same  work  with  a  single  work  train 
and  without  the  winch,  we  were  trying  to  get  it  done  in  16  hr  and  often  we  didn't 
make  it. 

Another  thing,  especially  on  secondary  lines,  is  that  if  the  ballast  pit  is  nearby, 
the  particular  work  train  that  spreads  the  material  can  also  take  the  empties  back  to 
the  pit  and  bring  back  the  next  day's  ballast  and  be  ready  to  go  to  work.  That  is  really 
where  the  economy  comes  in.  You  would  have  to  have  two  work  trains  in  order  to 
accomplish  this  if  you  didn't  have  the  winch. 

Chairman  Eisemann:  Any  other  questions?  Thank  you,  Mr.  Cruse,  for  a  very 
nice  presentation  that  added  a  lot  of  interest  to  our  report.   [Applause] 

Mr.  Vice  President,  this  concludes  the  presentation  of  Committee  22,  and  we  ask 
to  be  excused. 

Vice  President  Burris:  Thank  you,  Mr.  Eisemann,  and  your  committee  for  these 
additional  interesting  and  informative  reports.  Among  them  I  have  been  particularly 
interested  in  the  report  on  Assignment  5,  on  the  unloading  of  cross  times,  which  .should 
remind  us  that  all  is  not  gold  that  glitters,  and  that  no  matter  how  good  our  opera- 
tions may  look  at  any  time,  they  must  be  reviewed  constantly  with  a  critical  and 
open  mind. 

And  thank  you,  Mr.  Cruse,  for  your  interesting  presentation  on  sledding  operations 
on  the  Great  Northern. 

We  are  glad  to  welcome  Mr.  Snyder  as  the  new  chairman  of  Committee  12.  We 
are  sorry  he  could  not  be  here  today.  We  also  welcome  Mr.  Reid  as  the  new  vice 
chairman  of  Committee  21,  knowing  that  these  two  men  will  carry  forward  the  good 
work  of  your  committee. 

To  assist  Mr.  Snyder  in  directing  the  meetings  of  Committee  22,  we  have  a  chair- 
man's gavel  for  him,  the  engraving  on  which  reads,  "J.  S.  Snyder,  Chairman,  AREA 
Committee  22,  1964-1966."  In  view  of  his  absence,  we  shall  see  that  this  gavel  is  sent 
to  him. 

Mr.  Eisemann,  with  the  thanks  of  the  Association  your  committee  is  now  excused. 
[Applause] 


Discussion 829 

Discussion  on  Maintenance  of  Way  Work  Equipment 

[For  ri'port,  si-e   Biillclin    582.   pages  287  305,   incl.J 

Vice  President  Burris:  Gentlemen,  having  just  heard  from  the  committee  which 
represents  largely  those  of  us  who  are  the  users  of  the  vast  amount  of  work  equipment 
being  used  on  the  railroads  in  their  maintenance  of  way  operations,  we  shall  now  hear 
from  our  committee  which  represents  largely  those  of  us  who  service  and  repair  this 
equipment,  and  who  play  a  large  part  in  its  purchase  and  operation — our  Committee 
27 — -Maintenance  of  Way  Work  Equipment.  I  shall  be  pleased  if  members  of  this 
committee   will   come   to   the   platform. 

The  chairman  of  Committee  27  is  R.  S.  Radspinncr,  superintendent  work  equip- 
ment and  reclamation — system,  Chesapeake  &  Ohio  Railway,  at  Barboursville,  W.  Va. 
Mr.  Radspinner,  we  look  forward  to  hearing  the  report  of  your  committee  each  year, 
and  shall  be  pleased  ot  hear  your  current  report  now.  You  may  proceed. 

Chairman  R.   S.   Radspinner:   Vice  President  Burris,  members  and  guests: 

The  reports  of  Committee  27  will  be  found  in  Bulletin  582,  Vol.  65,  on  pages  287 
to   305,   incl. 

We  are  reporting  on  eight  assignments,  four  of  which  are  progress  reports;  two 
that  are  continuing  subjects,  and  three  that  are  final. 

Our  presentation  will  be  confined  to  a  brief  summary  of  the  published  reports ;  but 
the  committee  feels,  because  of  the  ever-increasing  interest  in  work  equipment  being 
used  and  developed,  that  much  helpful  information  can  be  gained  by  reading  the  com- 
plete report  in  the  Bulletin.  Several  of  the  reports  include  good  pictures  to  illustrate 
the  equipment  covered. 

This  ccmmiltee  will  be  happy  to  answer  any  questions  from  the  floor  after  each 
subcommittee  chairman  completes  his  report,  or  at  the  end  of  our  complete  presentation. 

Assignment  1 — Revision  of  Manual 

Chairman  R.adspinxer:  The  chairman  of  Subcommittee  1  is  R.  W.  Bailey,  engineer 
scales  and   work   equipment,   Chicago   &   Northern   Western   Railway,   Chicago. 

Study  and  discussion  was  conducted  by  Subcommittee  1  but  no  report  will  be 
submitted   this   year. 

Assignment  1  (a) — Revision  of  Handbook  of  Instructions  for  Care  and 
Operation   of   Maintenance   of    Way   Equipment 

Chairman  Radspinner:  The  chairman  is  S.  E.  Tracy,  superintendent  work  equip- 
ment, Burlington  Lines,  Chicago.  Investigation  has  developed  that  one  more  machine 
has  sufficient  distribution  and  use  to  warrant  writing  instructions  covering  its  care  and 
operation.  This  machine  is  Ballast  Regulator,  Type  i. 

It  is  recommended  that  the  instructions  for  this  machine  as  printed  in  our  report 
be  included  in  the  next  edition  of  the  Handbook, 

Assignment  2 — Improvement  to  Be  Made  to  Existing  Work  Equipment 
Chairman  Radspinmr:  The  chairman  of  Subcomniittee  2  is  J.  O.  Elliott,  general 
supervisor  work  equipment,  St.  Louis-San  Francisco  Railway,  S|)ringfiel(l,  Mo.  Our 
report  on  this  assignment  includes  some  recommended  changes  in  work  equipment  now 
available  and  used  by  our  railroads.  Emil  Eskengren,  division  engineer,  Frisco,  will 
present   this   report   for   Mr.   Elliott. 

Emu.  Eskengren  (for  J.  O.  Elliot):   Mr.  \'ice  President,  numbers  and  guests: 
This   report   covers  the   improNements   which   we  suggest    he   made   to   nine   machine 
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or  groups  of  machines.  The  suggestions  originated  with  members  and  others  directly 
connected  with  the  operation  and  maintenance  of  the  machine  on  many  railroads. 

These  machines  are:  electric  grinder,  gasoline-motor-driven  grinder,  5-hp,  3- 
phase  electric  grinder,  rail  drill,  lining  wire,  spike  driver,  mechanical  safety  locks  for 
on-track  machines,  emergency  set-off  provision  for  on-track  machines,  and  diagrams 
of  hydraulic  systems  and  electrical  circuits. 

The  recommended  improvements  in  the  report  were  submitted  to  the  manufacturers 
of  this  equipment  for  their  consideration.  They  expressed  gratitude  for  the  suggestions 
and  advise  that  they  would  cooperate  where  possible  in  effecting  the  desired  improve- 
ments.  Many   of   the  suggestions  are   now  incorporated   in   production  model  machines. 

Assignment  3 — Standardization  of  Parts  and  Accessories  for  Work 
Equipment 

Chairman  Radspinner:  The  chairman  of  Subcommittee  3  is  H.  J.  Lieser,  super- 
visor bridges  and  buildings,  Chicago  &  Western  Indiana  Railroad,  Chicago.  A  brief 
summary  of  the  report  will  be  presented  by  R.  K.  Johnson,  retired  superintendent  of 
work   equipment  and   reclamation,  system,   Chesapeake  &  Ohio. 

R.  K.  Johnson  (for  H.  J.  Lieser):  Mr.  Vice  President,  Mr.  Chairman,  fellow 
members,  and  guests: 

Railroad  roadway  machines  and  equipment  are  subjected  to  hard  working  condi- 
tions; sometimes  emergency  repairs  are  required  many  miles  from  adequate  shop  facil- 
ities. It  is  very  important,  therefore,  that  delays  to  these  breakdowns  be  reduced  to 
the  minimum,  and  it  is  to  accomplish  this  that  improved  standardization  of  parts  and 
accessories  for  our  equipment  should  be  studied  by  our  committee. 

The  initial  report  attempts  to  cover  the  design  and  construction  of  hydraulic  reser- 
voir tanks,  including  baffles,  vents,  covers,  and  accessories,  in  such  a  way  that  railroads 
could  use  some  of  the  information  in  their  specifications  when  ordering  new  work 
equipment. 

Assignment  4 — Air  Cleaners  and  Fuel  and  Oil  Filtering  Systems  for 
Internal   Combustion   Engines 

Chairman  Radspinner:  The  chairman  of  Subcommittee  4  is  M.  E.  Kerns,  super- 
intendent maintenance  of  way  equipment — system.  New  York  Central  System,  New 
York.  Under  this  assignment  we  present  a  final  report,  as  information.  Mr.  Kerns  will 
give  a  brief  summary  of  this  report. 

M.  E.  Kerns:  Filtration  is  an  ancient  art,  dating  back  as  far  as  the  histories  of 
China  and  Egypt  have  been  documented.  The  efforts  of  primitive  people  were  centered 
on  the  clarification  of  beverages.  The  fundamentals  that  governed  at  that  time  still 
prevail. 

The  purpose  of  filtration  is  the  removal  of  harmful  particles,  such  as:  (1)  residual 
dirt  left  in  the  engine  during  manufacture,  (2)  products  of  oil  deterioration,  and 
(3)   dust  entering  through  the  carburetor  intake  and  around  the  various  seals. 

Proper  filtration  will  result  in:  (1)  longer  engine  life,  (2)  less  down  time,  and 
(3)   savings  on  fuel. 

There  are  only  three  methods  of  filtration:  (1)  sedimentation,  (2)  straining,  and 
(3)    adsorption. 

Sedimentation  is  effected  by  allowing  a  liquid  to  stand  undisturbed  to  permit  solids 
to  precipitate.  The  clear  liquid  can  then  be  siphoned  or  skimmed  off. 
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Straining  is  the  art  of  forcing  a  liquid  through  a  fabric  with  openings  smaller  than 
the  particles  that  are  to  be  excluded.  This  method  works  well  for  removal  of  coarse 
particles,   but   is   impractical   for   finely   divided   matter. 

Adsorption  is  the  removal  of  solids  by  attraction.  This  method  usually  employs 
a  mass  of  fibrous  material  of  considerable  depth  through  which  the  liquid  may  flow, 
searching  its  way  through  the  devious  passages.  Solids  carried  in  suspen.sion  are  inti- 
mately exposed  to  the  fibers  and  attach  themselves  to  their  surfaces,  which  have  a 
compelling  attraction. 

Equipment  that  is  away  from  its  service  base  for  extended  periods  is  usually  best 
protected  with  a  large  enough  filter,  or  a  plurality  of  filters  may  be  used  so  they  will 
not  require  servicing  for  long  periods.  They  can  be  equipped  with  a  load  indicator 
which  is  visually  read. 

Some  railroads  have  had  a  definite  program  in  regard  to  filters  in  effect  for  years 
and  have  doubled  and  tripled  the  time  between  rebuilding  of  engines.  They  have 
standardized  on  three  sizes  of  by-pass  or  partial  oil  filters,  and  on  three  sizes  of  dry-type 
air  filters  equipped  with  visually  read  indicators;  and  are  in  the  process  of  standardizing 
on   a   gasoline   filter. 

Assignment  5 — Automation  of  Maintenance  of   Way  Equipment 

Chairman  Radspinner:  The  chairman  of  Subcommittee  5  is  J.  W.  Winger,  engineer 
roadway,  track  and  equipment.  Baltimore  &  Ohio  Railroad,  Baltimore,  Md.  H.  D. 
Jordan,  supervisor  work  equipment,  B&O,  will  summarize  the  report  on  this  assignment. 

H.  D.  Jordan   (for  J.  VV.  Winger):   Mr.  Vice  President,  members  and  guests: 

Your  committee  reports  progress  in  the  collection  of  information  pertaining  to 
automation  of  surfacing  devices  used  with  and  attached  as  an  integral  part  of  multiple 
production  tampers. 

The  evolution  of  tamping  and  surfacing  track  in  general  has  progressed  from  pick- 
fork  hand  methods  through  mechanical  tamping  and  hand  jacking  to  mechanical  tamp- 
ing and  mechanical  jacking.  Until  recently,  mechanical  jacking  was  done  with  a  separate 
machine,  but  it  was  only  natural  and  practical  that  these  operations  be  combined  for 
improved  efficiency. 

The  purpose  of  this  study  will  be  to  familiarize  the  potential  user  with  the  type 
of  equipment  available,  its  specifications,  and  operations.  It  will  include  production 
tampers  equipped  with  automatic  jacking  and  leveling  devices  as  an  integral  part  of  the 
basic   tamper.  This  concept  has  only  recently  come  into  actual  production  equipment. 

The  future  is  certain  to  produce  a  better  machine  and  different  methods;  there- 
fore, we  should  view  these  and  all  future  machines  with  the  idea  in  mind  of  how  we 
can  improve  them  to  obtain  the  most  for  the  least. 

Considerable  information  is  being  collected  this  year  on  several  of  these  new  com- 
bination track  machines.  The  results  will  be  submitted  next  year  in  a  final  complete 
report. 

Assignment  6 — Alternators  and  Transistorized  Electrical  Systems  for 
Installation  on    Work   Equipment 

Chairman  Radspinner:  Information  is  being  collected  and  studied  by  the  com- 
mittee on  the  use  of  various  systems  by  several  railroads.  .\  final  report  will  be 
presented  in   1965. 

Assignment  7 — Equipment  for  Chemical  and  Mechanical  Brush  Control 
Chairman  Radspinner:   The  chairman  of  Subcommittee   7  is  T.  R.   Rigsby,  super- 
visor   maintenance    equipment,    Illinois    Central    Railway,    Memphis,    Tenn.    The    report 
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on  this  assignment  is  a  final  one,  and  is  presented  as  information.  L.  E.  Conner,  super- 
visor work  equipment,  Seaboard  Air  Line,  will  present  the  summary  of  this  report  for 
Chairman  Rigsby. 

L.  E.  Conner  (for  T.  R.  Rigsby):  Mr.  Vice  President,  members  and  guests  of  the 
Association:  your  committee's  report  is  a  continuation  of  a  previous  report  found  in 
Vol.  45,  page   102   of  the  AREA  Proceedings. 

Our  report  in  Bulletin  582  gives  data  on  four  machines  of  various  sizes  and  design 
for  the  use  of  liquid  chemical,  one  machine  for  the  use  of  dry  chemical,  and  three 
machines  for  mechanical  methods. 

Assignment  8 — Equipment  for  the  Control  and  Performance  of  Jacking 
in   Track  Surfacing   Operations 

Chairman  Radspinner:  The  chairman  of  Subcommittee  8  is  N.  W.  Hutchison,  en- 
gineer of  work  equipment,  C&O  Railway,  Huntington,  W.  Va.  Its  report  is  a  final  one, 
presented  as  information.  Chairman  Hutchison  will  present  his  summary. 

N.  W.  Hutchison:   Mr.  Chairman,  fellow  members,  and  guests: 

Those  of  you  who  have  Bulletin  582,  will  find  the  report  of  this  subcommittee  on 
page  300.  It  has  to  do  with  equipment  for  the  control  and  performance  of  jacking  in 
track  surfacing  operations. 

Your  committee  wishes  to  point  out  that,  due  to  the  rapid  strides  being  made  by 
work  equipment  manufacturers  in  the  field  of  automatic  multiple  tampers,  and  the  fact 
that  another  of  our  subcommittees  is  currently  studying  such  tampers,  the  subject  being 
presented  is  considerably  less  important  than  it  might  otherwise  have  been.  However, 
it  is  our  opinion  that  those  railroads  interested  in  mechanical  devices  such  as  tamper 
jacks,  wire  attachments,  beam  type  surfacers,  and  optical  devices  designed  to  raise  track 
to  a  desired  elevation  and  cross  level  and  hold  it  for  subsequent  tamping  by  a  non- 
automatic-type  multiple  tamper,  will  find  something  of  value  in  this  report. 


[President  Loggins  resumed  the  Chair. J 

Chairman  Radspinner:  Mr.  President,  with  this  convention  I  have  completed  my 
term  of  office  as  chairman  of  Committee  27.  I  wish  to  thank  the  members  of  the  com- 
mittee, Mr.  Howard  and  his  staff,  and  the  various  suppliers  and  their  organizations  for 
the  help  and  cooperation  that  has  been  extended  to  me  during  my  term  of  office. 

I  should  now  like  to  introduce  the  incoming  chairman,  R.  W.  Bailey,  engineer 
scales  and  work  equipment,  Chicago  &  North  Western  Railway.  Mr.  Bailey,  will  you 
please  rise.  I  should  like  also  to  introduce  the  incoming  vice  chairman,  R.  M.  Johnson, 
supervisor  work  equipment — System,  Western  Maryland  Railway.  Will  Mr.  Johnson 
please  rise. 

I  wish  to  thank  you  gentlemen  for  your  help,  and  wish  you  success  in  your  new 
jobs. 

Mr.  President,  this  concludes  the  report  of  Committee  27. 

President  Loggins:  Thank  you,  Mr.  Radspinner,  and  your  committee  for  these 
additional  reports.  The  members  of  your  committee,  and  those  others  on  the  railroads 
with  like  responsibiUties,  have  had  a  large  part  in  bringing  about  the  extensive  mechani- 
zation— and  now  automation — of  maintenance  of  way  operations  on  our  railroads,  and 
our  Association  looks  to  you  men  to  keep  it  currently  informed  of  all  developments  in 
this  field.  We  know  you  will  do  just  that. 

We  are  pleased  to  welcome  Mr.  Johnson  as  the  new  vice  chairman  of  Committee  27, 
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and   Mr.   Bailey   as   the   new   chairman.   If   Mr.   Bailey   will  step  here   to   the   podium,   I 
should  like  to  present  him  with  this  chairman's  gavel. 

Mr.  Radspinner.  thank  you  again  for  the  effective  direction  which  you  have  given 
to  the  work  of  Committee  27  for  the  past  three  years.  Your  committee  is  now  excused 
with  our  thanks.  [Applause] 


President  Loggins  (continuing) :  Gentlemen,  this  completes  our  business  sessions 
for  today,  which  we  are  sure  you  have  found  both  interesting  and  informative.  Tomor- 
row morning  at  9  am  we  shall  go  at  it  again,  when  our  Committees  on  Roadway  and 
Ballast,  Rail,  Track  and  Continuous  Welded  Rail  will  report — all  of  them  with  special 
features.  Please  be  here  on  time. 

The  meeting  is  now  adjourned  until  Q  am  tomorrow. 

[The  meeting  adjourned  at  5:20  pm] 

Morning  Session,  March  11,  1964 

[The  meeting  reconvened  at  9  am.  President  Loggins  presiding.] 
President  Loggins:   Gentlemen,  will  you  please  come  to  order. 
We  now  begin  the  final  technical  session  of  our  convention,  during  which  we  shall 
hear  the  reports  of  four  of  our  more  popular  committees,  each  of  which  will  present  a 
special  feature.  Accordingly,  we  must  get  started  and  keep  moving  if  we  are  to  convene 
our  Closing  Business  Ses.sion  promptly  at  noon,  which  we  want  to  do. 

Discussion  on  Roadway  and  Ballast 

[For  report,  .see  Bulletin   584,  pajje.s  481    .ilO] 

President  Loggins:  I  shall  now  invite  to  the  platform  our  first  committee  to  be 
heard  from — Committee  1,  Roadway  and  Ballast,  the  chairman  of  which  is  F.  N. 
Beighley,  roadway  engineer,  St.  Louis-San  Francisco  Railway,  at  Springfield,  Mo. 

Just  this  further  comment,  however,  for  the  benefit  of  those  here  who  may  not  have 
been  at  our  earlier  sessions:  The  privilege  of  the  floor  is  extended  to  all  of  you  to  com- 
ment on  or  to  raise  questions  concerning  any  of  the  subjects  discussed,  and  I  hope  you 
will  take  full  advantage  of  this  privilege  to  the  extent  that  time  will  permit. 

Mr.  Beighley,  you  may  proceed. 

Chairman  F.  X.  Beighley:  Mr.  President,  ladies,  members  of  the  .A.ssociation  and 
guests: 

During  the  past  year  Committee  1  held  two  regular  meetings  during  which  each  of 
our  11  subcommittees  reported  progress  on  their  20  respective  assignments.  We  are  sub- 
mitting this  year  reports  on  only  six  of  the  assignments  found  in  Bulletin  584,  pages 
481   to  510  incl.  We  invite  your  comments,  criticism  and  questions  on  the  reports. 

Mr.  President,  before  starting  our  report  we  should  like  to  pay  tribute  to  one  of  our 
most  valued  members,  the  late  Elbert  Walton  McCuskey.  George  E.  Harris,  as.sistant 
engineer,  Chesapeake  &  Ohio  Railway,  will  say  a  few  words  in  his  honor  and  will 
then  give  his  report  on  .\ssignment  1. 

George  E.  Harris:   Mr.  President,  members  of  the  Association  and  guests: 

Prior  to  the  presentation  of  our  reports,  I  have  the  sad  duty  to  announce  to  you 
the  loss  of  one  of  our  most  valued  members — Elbert  Walton  McCuskey,  chief  engineer 
of  the  Northeast  Oklahoma  Railroad,  who  passed  away  on  March  5  as  a  result  of  an 
automobile  accident.  A  memoir  in  his  honor  is  being  submitted  for  publication  in  the 
Proceedings. 
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MEMOIR 

€lfacrt  Mlalton  JJlcCugbp 

Elbert  Walton  McCuskey,  chief  engineer,  Northeast  Oklahoma  Railroad  and  chair- 
man of  the  Miami  Urban  Renewal  Authority,  Miami,  Okla.,  died  March  5,  1964,  as  a 
result  of  an  automobile  accident  the  previous  day.  He  is  survived  by  his  wife,  Mrs. 
Sarrah  McCuskey,  and  two  daughters,  Mrs.  Shirley  Jean  Jackson  of  Brownwood,  Tex.; 
and  Mrs.  Sarrah  Jo  Bennett  of  Columbus,  Ohio. 

Mr.  McCuskey  was  born  September  16,  1904,  in  Columbus,  Ohio.  He  attended  high 
school  in  that  city  and  graduated  from  Ohio  State  University.  He  entered  railroad 
service  in  1931  with  the  Missouri  Pacific  Railroad  as  a  rcdman,  then  instrumentman, 
and  later  as  assistant  engineer  with  the  Northeast  Oklahoma  Railroad.  He  left  the  rail- 
road in  the  early  'thirties  and  became  associated  with  the  Eagle-Picher  Company  and 
later  with  the  United  States  Geological  Survey.  He  returned  to  the  Northeast  Oklahoma 
Railroad  in  1939  as  engineer,  maintenance  of  way,  and  for  the  past  14  years  had  been 
chief  engineer  of  that  railroad. 

In  1961  he  was  appointed  to  the  Board  of  Directors  of  the  Miami  Urban  Renewal 
Authority  and  a  few  days  later  was  elected  its  chairman,  in  which  capacity  he  served 
until  his  death.  Mr.  McCuskey  was  an  active  member  of  the  Miami  Methodist  Church 
and  the  Rotary  Club.  He  joined  the  AREA  in  1930,  but  resigned  in  1931.  In  1952  he 
reinstated  his  membership  and  was  appointed  to  membership  on  Committee  1 — Roadway 
and  Ballast,  in   1953,  which  membership  he  held  until  his  death. 

Mr.  McCuskey  was  a  valued  member  of  this  committee  and  had  contributed  greatly 
to  its  work.  He  will  always  be  remembered  by  the  members  for  his  work  and  assistance 
as  well  as  for  his  friendship  and  his  humor,  and  it  is  with  a  deep  sense  of  appreciation 
of  his  association  with  us  that  Committee  1  records  this  tribute  to  his  memory. 

Assignment  1 — Revision  of  Manual 

Mr.  Harris  (continuing) :  Committee  1  this  year  has  three  recommendations  for 
revision  of  the  Manual,  and  they  will  be  submitted  by  each  of  the  subcommittee  chair- 
men involved. 

Assignment  2 — Physical  Properties  of  Earth  Materials :  (a)  Roadbed: 
Load  Capacity;  Relation  to  Ballast:  Allowable  Pressures;  (b)  Structural 
Foundation  Beds,  Collaborating  with  Committees  6  and  8 

Chairman  Beighley:  The  chairman  of  Subcommittee  2  is  W.  P.  Eshbaugh,  chief 
engineer,  Genessee  &  Wyoming  Railroad,  who  will  present  the  report. 

W.  P.  Eshbaugh:  Our  report  on  Assignment  2  is  presented  in  two  parts,  both  per- 
taining to  Assignment  2(b),  and  may  be  found  on  pages  484  through  491  of  Bulletin 
584. 

Part  1  is  a  report  by  R.  E.  Buss  of  the  Illinois  Central  Railroad  describing  the 
stabilization  of  a  building  foundation  by  means  of  pressure  grouting  with  a  cement- 
water  slurry.  This  report  was  previously  published  in  Concrete  for  Railways,  No.  59, 
1961,  by  the  Portland  Cement  Association,  but  the  committee  desired  to  republish  the 
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report  because  of  the  interesting  and  valuable  information  contained  therein.  Apprecia- 
tion is  expressed  to  the  PCA  and  Mr.  Buss  for  their  permission  to  republish  the  paper. 
Part   2   describes  the  attempted  stabilization   by  sroutinj;  of  bridpe  foundations  on 
the  Genesee  &  Wyominp  Railroad  near  Geneseo,  N.  Y. 

Assignment  3 — Natural    Waterways:   Prevention   of  Erosion 

Chairman  Beighley:  The  chairman  of  Subcommittee  3  is  G.  W.  Becker,  special 
engineer,  drainage,  Chicago,  Rock  Island  &  Pacific  Railroad.  Research  is  being  done  to 
revise  present  Manual  material  with  the  view  of  updating  it  to  reflect  more  recent  data 
in  determining  the  size  of  waterway  openings  and  prevention  of  erosion.  Mr.  Becker 
will  now  report. 

G.  W.  Becker:   Mr.  President,  members  and  guests: 

Your  committee  has  several  assignments  requiring  the  updating  of  Manual  material 
to  conform  with  added  present  day  knowledge  in  their  respective  areas.  This  is  espe- 
cially so  in  the  field  of  construction  and  protection  of  roadbed  across  reservoir  areas, 
which  includes  determination  of  wave  heights  and  placement  of  riprap  protection.  Infor- 
mation and  methods  in   these  fields  have  advanced  tremendously  in  recent  years. 

The  material  on  these  latter  subjects  is  in  the  final  stage  of  preparation,  and  it  is 
our  expectation  that  it  will  be  completed  for  inclusion  in  an  early  edition  of  the 
Bulletin. 

Assignment  4 — Culverts:  (a)  Erosion  Control  for  Outlet  Structures, 
(b)  Repair  of  Short  Pipe  Sections  that  Have  Pulled  Apart 

Chairman  Beighley:  G.  D.  Mayor,  engineer,  maintenance  of  way  standards,  Chesa- 
peake &  Ohio  Railway,  is  chairman  of  Subcommittee  4.  In  connection  with  Assignment 
4(a),  research  was  started  in  1958  at  Colorado  State  University  as  a  three-year  project. 
Budget  curtailment  in  succeeding  years  forced  cancellation  of  the  work  without  having 
obtained  enough  data  for  a  progress  report. 

A  report  on  Assignment  4(b)  was  published  in  Bulletin  563,  February  1961.  pages 
691-692.  The  committee  has  made  further  study  and  review  but  has  found  nothing  to 
add  to  the  report. 

Assignment  5 — Specifications  for  Pipelines  for  Conveying  Flammable 
and  Non-Flammable  Substances,   Collaborating  with  Committees   15  and  20 

Chairman  Beighley:  The  chairman  of  Subcommittee  5  is  A.  J.  Wcgmann,  assistant 
engineer  of  structures,  Baltimore  &  Ohio  Railway,  who  will  present  the  report. 

A.  J.  Wegmann:   President  Loggins,  Chairman  Beighley,  members  and  guests: 

The  present  Specifications  for  Pipelines  for  Conveying  Flammable  and  Non-Flam- 
mable Substances  were  adopted  as  follows: 

Sec.  A — Flammable  Substances,  March   1961. 
Sec.  B — Xon-Flammable  Substances,  March  1962. 

As  reported  to  the  March  1963  convention,  your  committee  has  continued  its  study 
of  these  specifications  and  now  presents  for  adoption  and  publication  in  the  Manual  the 
revisions  contained  in  Bulletin  584,  February  1964,  pages  491  and  492. 

Mr.  President,  I  move  their  adoption. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Mr.  Wegmann:  Further,  on  page  492  of  Bulletin  584  is  a  brief  report  of  the  tests 
on  Simulated  Uncased  Pipeline  Cros.sings  for  Railways  and  Highways  which  were  con- 
ducted on  a  cooperative  basis  with  the  .\merican  Society  of  Civil  Engineers  Pipeline 
Crossing  Research   Council  at  the  \.\R  Laboratories. 
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The  full  report  on  these  tests,  including;  strain-gage  analysis  for  the  12-in  uncased 
pipe,  has  just  been  published  in  the  ASCE  Proceedings,  Paper  3777,  entitled  "Strain- 
Gage  Analysis  for  Uncased  Pipeline  Crossings,  report  of  the  Research  Council  on  Pipeline 
Crossings  of  Railroads  and  Highways  of  the  Pipeline  Division." 

The  research  work  conducted  at  the  Utah  State  University  on  the  modulus  of  passive 
pressure  (for  earth)  for  the  above  mentioned  Research  Council  is  contained  in  ASCE 
Proceedings  Paper  3782,  entitled  "Development  and  Use  of  the  Modpares  Device,  Re- 
search Council  on  Pipeline  Crossings  of  Railroads  and  Highways." 

These  two  papers  contain  much  of  value  to  the  engineering  profession,  and  I  urge 
you  to  study  and  analyze  these  papers  and  submit  your  discussion  on  same  to  the 
American  Society  of  Civil  Engineers.  At  a  recent  meeting  of  the  ASCE  Pipeline  Crossing 
Research  Council  your  committee  was  advised  that  funds  are  being  sought  to  enable 
the  proposed  testing  of  a  30-in  uncased  pipe  to  go  forward,  said  testing  to  be  conducted 
at  our  AAR  Laboratories  under  the  direction  of  the  AAR  research  staff  in  cooperation 
with  the  Battelle  Memorial  Institute. 

Assignment  6 — Roadway,  Formation  and  Protection  (a)  Roadbed 
Stabilization,  (b)  Slope  Protection,  (c)  Performance  of  Filter  Materials 
in  Subdrains,  (d)  Special  Treatments  for  Subgrade  Improvement,  (e) 
Hydraulic  Fills 

Chairman  Beighley:  The  chairman  of  Subcommittee  6  is  G.  F.  Nigh,  division 
engineer,  New  York,  Chicago  &  St.  Louis  Railway.  Mr.  Nigh  is  unable  to  be  present 
this  morning.  However,  his  report  is  as  follows: 

Chairman  Beighley  (for  G.  F.  Nigh) :  Your  committee  is  in  the  process  of  revis- 
ing the  specifications  for  the  formation  of  the  roadway  in  the  Manual.  It  is  expected 
that  revised  specifications  can  be  presented  to  the  Association  in  our  next  report. 

Under  Assignment  6  (a),  information  is  being  assembled  concerning  the  effect  of  a 
comparatively  new  irrigation  project  on  tracks  in  the  vicinity  of  said  project. 

Under  Assignment  6  (b),  consideration  is  being  given  to  a  report  on  erosion  and 
sediment  control  in  highway  construction,  which  was  presented  at  the  .^SCE  Water  Re- 
sources Engineering  Conference. 

Under  6  (d)  a  study  is  being  made  concerning  the  use  of  lime  for  stabilization  of 
roadbed.  Information  has  been  received  and  is  being  considered  in  connection  with  one 
other  chemical  process  of  stabilization. 

Assignment  6  (e)  is  being  progressed  by  assembling  information  from  the  State 
Highway  Departments  of  Louisiana  and  Alabama,  as  well  as  the  Corps  of  Engineers. 
ASCE  Transactions,  Engineering  News  Record  and  ASTM  Proceedings  are  also  being 
investigated  for  information. 

Assignment  7 — Tunnels:  (a)  Ventilation,  Changes  Necessary  for  Opera- 
tion of  Diesel  Power,  (b)  Clearance,  Methods  Used  to  Increase,  (c)  Meth- 
ods of  Open-Cutting 

Chairman  Beighley:  The  chairman  of  Subcommittee  7  is  K.  W.  Bradley,  design 
engineer,  Denver  &  Rio  Grande  Western  Railroad.  Mr.  Bradley  is  unable  to  be  present, 
so  I  shall  give  his  report. 

[Chairman  Beighley  then  read  Mr.  Bradley's  report  on  Assignment  6  (b),  which  con- 
sisted of  excerpts  from  the  report,  prepared  by  the  Engineering  Department  of  the  Chi- 
cago, Milwaukee,  St.  Paul  &  Pacific  Railroad,  telling  how  that  road  attacked  the  prob- 
lem of  restricted  clearances,  printed  on  pages  496-502  of  Bulletin  584,  February  1964.] 
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Assignment  8 — Fences 

Chairman  Bf.ighley:  P.  G.  Martin,  district  engineer,  Union  Pacific  Railroad,  is 
chairman  of  Subcommittee  8  and  will  give  the  report. 

P.  G.  Martin:   Mr.  President  and  gentlemen: 

Your  committee  has  reviewed  Part  6 — Fencing,  of  Chapter  1  of  the  Manual,  and 
offers  for  adoption  the  following  recommendations  with  respect  thereto: 

Pages  1-6-20  to  1-6-23,  incl.,  Methods  of  Protecting  the  Roadway  Against  Drifting 
Snow — Reapprove  with  the  following  revisions: 

[Mr.  Martin  then  read  the  proposed  revisions  as  printed  on  page  502  of  Bulletin 
584,  continuing  as  follows:] 

Mr.  Martin:  Mr.  President,  your  committee  recommends  adoption  of  these  revi- 
sions to  the  Manual  and  I  so  move. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Mr.  Martin:  Our  printed  report  also  describes  a  new  type  of  metal  fence  to  check 
drifting  snow  and  sand,  which  can  be  installed  with  steel  or  wood  posts.  Because  of  its 
construction,  it  is  economical  to  install  as  a  temporary  snow  and  sand  fence  in  the 
same  manner  as  lath  fence  is  installed,  and  can  be  removed  during  the  off  season.  The 
cost  for  installing  and  removing  is  comparable  to  the  cost  of  installing  and  removing 
lath  fence. 

Assignment  9 — Roadway  Signs:  (a)  Reffectoiized  and  Luminous  Road- 
way Signs,  (b)  Shop  Layout  for  the  Production  of  Roadway  Signs 

Chairman  Beighlev:  R.  D.  Baldwin,  superintendent  maintenance  of  way,  New 
York  City  Transit  Authority,  is  chairman  of  Subcommittee  9.  The  research  work  that 
has  been  done  under  Assignment  9(a)  has  been  discontinued  temporarily  because  of  the 
curtailment  of  research  funds.  However,  the  committee  feels  that  the  subject  should  not 
be  dropped,  as  new  products  are  constantly  being  developed,  some  of  which  might  be 
adaptable  to  roadway  signs.  Under  .•\ssignmcnt  9  (b),  the  committee  has  progressed 
the  subject  of  shop  layout  for  the  production  of  roadway  signs  to  a  design  which  it  in- 
tends to  submit  as  information  at  a  later  date. 

Assignment    10 — Ballast 

Chairman  Beighlev:  T.  W.  Creighton,  regional  engineer,  Canadian  Pacific  Railway, 
is  the  chairman  of  Subcommittee  10  and  will  present  the  report. 

T.  VV.  Creighton:  The  report  of  Subcommittee  10  appears  on  pages  504  through 
510  of  Bulletin  584. 

As  a  result  of  the  field  inspections  of  open-hearth  slag  ballast  in  service,  reported 
on  pages  504  through  507,  together  with  other  prior  inspections  and  tests,  which  have 
shown  that  open-hearth  slag  is  acceptable  as  a  ballast  material,  your  committee  submits 
for  adoption  the  recommendations  with  respect  to  Part  2,  Chapter  1,  of  the  Manual 
outlined  on  page  508  of  Bulletin  584. 

Mr.  President,  I  move  adoption  of  the  revisions  contained  in  Bulletin  584,  page 
508. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.) 

Mr.  Creighton:  At  the  annual  meeting  in  March  1%3  your  commitlee  reported 
the  preparation  of  new  ballast  sections  and  tables  of  quantities  which  it  was  anticipated 
would  be  presented  at  this  meeting.  This  material  is  pre.sented  following  page  508  of 
Bulletin  584  for  your  comments  and  constructive  recommendations,  with  a  view  toward 
adoption   as  Manual   material   in    1965.   I   may   say   that   the   ballast  sections  as  recom- 
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mended    are    expected    to    be    maintained    in    these    dimensions    and    not    allowed    to 
deteriorate.. 

You  will  note  that  in  the  interest  of  simplification  the  tables  of  quantities  have 
been  presented  as  graphs,  and  cover  only  the  three  most  commonly  used  lengths  of  tie 
and,  in  the  case  of  curves,  superelevations  from   1   to  6  in  only. 

Assignment   11 — Chemical  Control  of   Vegetation 

Chairman  Beichley:  The  chairman  of  Subcommittee  11  is  C.  E.  Webb,  engineer 
of  tests,  Southern  Railway.  Because  of  budget  restrictions  affecting  the  work  of  the  A.\R 
research  staff,  it  has  not  been  possible  to  gather  sufficient  data  on  this  subject  to  pre- 
pare a  report  of  nation-wide  significance.  New  products  are  constantly  being  discovered 
and  combinations  of  old  ones  are  being  tried  that  will  be  studied  and  reported  on. 

Rock  Smith,  research  engineer — roadway,  AAR,  advises  that  there  will  be  a  seminar 
on  weed  and  brush  control  some  time  in  October,  to  be  held  here  in  Chicago. 


Chairman  Beighley:  Mr.  President,  this  concludes  the  formal  report  of  Commit- 
tee 1.  At  this  time  W.  P.  Eshbaugh,  chairman  of  Subcommittee  2,  will  introduce  the 
special  feature  portion  of  our  presentation. 

W.  P.  Eshbaugh:  It  is  a  privilege  for  me  to  introduce  George  L.  Hinueber,  Engi- 
neering Laboratory  Manager,  AAR,  who  will  present  this  committee's  special  feature, 
"Nuclear  Methods  of  Determining  Moisture  and  Density  of  Soils."  He  is  a  recognized 
authority  in  this  field,  and  I  am  sure  we  shall  all  find  his  subject  most  interesting  and 
informative.  Mr.  Hinueber. 

Nuclear  Methods  of  Measuring  Moisture  and 
Density  of  Soils 

By  G.  L.  HINUEBER 

Engineering  Laboratory  Manager,   AAR  Research   Center 

The  use  of  radioisotopes  has  been  increasing  at  a  rapid  rate  in  all  fields  of  science 
and  engineering  since  1946  when  a  variety  of  these  materials  from  the  nuclear  reactors 
of  the  U.  S.  Atomic  Energy  Commission  was  made  available.  Since  that  time,  many  more 
people  have  gained  experience  in  their  use  and  have  become  aware  of  their  potentiali- 
ties. Consequently,  radioisotopes  which  were  formerly  only  tools  of  research  scientists 
used  within  the  confines  of  laboratories,  have  been  applied  to  many  and  varied  prob- 
lems in  industry  both  inside  the  laboratory  and  in  the  field. 

The  soundness  of  an  engineeering  structure  is  dependent  on  the  stability  of  the 
underlying  material.  It  follows  that  one  of  the  most  important  design  considerations 
is  the  determination  of  probable  stability  and  strength  in  terms  of  supporting  power 
of  the  subgrade  soil.  The  stability  of  the  subgrade,  whether  it  be  naturally  existing 
in-place  material  or  excavated  and  recompacted  material,  is  dependent  to  a  great  degree 
on  the  moisture  content  and  density  of  the  soil  of  which  it  is  composed.  Engineers  and 
contractors  have  long  recognized  the  need  for  a  simple  device  for  quick,  accurate 
measurement  of  moisture  and  the  degree  of  compaction  of  subgrade  soils  during  con- 
struction. The  application  of  techniques  involving  the  use  of  radioactive  materials  to 
this  purpose  appears  to  offer  some  promise  for  the  engineer,  and  as  such,  is  worthy  of 
his  consideration. 
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The  use  of  radioactive  materials  for  the  determination  of  moisture  and  density  of 
soils  has  been  under  investigation  since  1949.  A  number  of  universities,  and  private  and 
governmental  organizations  entered  into  the  design  and  development  of  nuclear  equip- 
ment for  this  purpose. 

The  first  portable  field  system  to  measure  soil  moisture  and  density  was  developed 
by  the  Nuclear  Chicago  Corporation  in  conjunction  with  the  United  States  Army  Corps 
of  Engineers  in  1952  as  an  aid  in  speeding  subgrade  soil  moisture  and  density  measure- 
ments during  the  construction  of  airfield  runways  and  buildings.  The  use  of  the  tech- 
nique was  rapidly  extended  to  the  determination  and  study  of  soil  moisture  and  density 
in  other  fields.  This  equipment  became  commercially  available  in  1959.  The  general  op- 
erating principle  is  based  on  the  varying  degree  to  which  radiation  from  a  radioactive 
source  is  scattered  when  it  contacts  materials  of  different  moisture  content  and  density. 
The  measurement  of  this  scatter  gives  a  means  of  determining  the  moisture  content  or 
density  of  the  soil  being  tested. 

Gages  were  designed  for  determination  of  in-place  moisture  and  density  both  on 
the  surface  and  at  various  depths  below  the  surface. 

The  moisture  gage  (slide  1 — surface  gage,  slide  2 — depth  gage)  contains  radium- 
beryllium.  Gamma  rays  from  the  radium  bombard  the  beryllium  which,  in  turn,  releases 
high-energy  neutrons.  When  the  gage  is  placed  in  contact  with  the  soil,  the  high-energy 
neutrons  from  the  radioactive  source  collide  with  nuclei  of  atoms  of  water  and  soil,  giving 
up  some  energj-  with  each  collision.  As  this  collision,  scattering  and  energy-reduction 
process  continues,  some  of  the  neutrons  gradually  reach  a  lower  energy  level  and  become 
slow  neutrons.  The  energy  loss  by  the  fast  neutrons  is  much  greater  in  collisions  with 
atoms  of  low  atomic  weight.  Since  hydrogen  is  the  principal  material  of  low  atomic 
weight  found  in  soils,  and  since  the  hydrogen  is  mostly  contained  in  molecules  of  free 
water,  the  slow  neutron  count  is  directly  proportional  to  the  number  of  hydrogen 
atoms  present  in  the  soil  and  thus  becomes  a  measure  of  the  moisture  content  of  the 
soil. 

The  moisture  gage  has  a  boron  trifluoride  detector  which  counts  only  the  back- 
scattered  slow  neutrons.  An  electronic  recording  device  having  a  self-contained  power 
supply  is  used  in  conjunction  with  the  moisture  gage  for  recording  the  number  of  elec- 
trical impulses  produced  in  the  detector  by  slow  neutrons.  This  recording  device  is  called 
a  portable  scaler. 

The  density  gage  (slide  3 — surface,  slide  4 — depth)  contains  cesium-137,  a  radio- 
isotope which  is  a  source  of  gamma  rays.  When  the  density  gage  is  placed  in  contact 
with  the  soil,  the  gamma  rays  penetrate  into  the  material  and  collide  with  electrons  in 
the  outer  orbit  of  atoms  comprising  the  soil.  The  gamma  rays  are  scattered  in  all  direc- 
tions as  a  result  of  these  collisions,  and  some  are  eventually  back-scattered  to  the 
Geiger-Mueller  detector  tubes  in  the  gage.  The  gamma  ray,  however,  loses  energy  with 
each  collision  and  scattering  process,  and  each  subsequent  scattering  increases  the  prob- 
ability that  the  gamma  ray  will  be  absorbed  before  it  reaches  the  detector.  The  com- 
bined effect  is  that  the  denser  the  soil,  the  fewer  will  be  the  number  of  gamma  rays 
returned  to  the  detector ;  hence,  the  density  of  the  soil  is  inversely  proportional  to  the 
number  of  gamma  rays  that  travel  from  the  radioactive  source  to  the  detector  tubes. 
The  electrical  impulses  produced  in  the  detector  by  the  back-scattered  gamma  rays  are 
recorded  by  the  portable  scaler  used  in  conjunction  with  the  density  gage.  It  will  be 
noted  that  the  detector  tubes  in  the  density  gage  are  carefully  shielded  from  the  radio- 
active source  so  that  direct  transmission  of  gamma  rays  from  the  source  to  the  detector 
is  not  possible. 
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Slide   1 — Surface  moisture  gage. 


In  order  to  correlate  the  rate  of  count  with  the  moisture  content  or  density,  as  the 
case  may  be,  each  of  the  four  gages  is  carefully  calibrated  in  the  laboratory  For  this 
purpose  materials  are  placed  in  a  5S-gal  drum  at  carefully  controlled  and  varying  mois- 
ture contents  and  densities  and  count  rate  readings  are  obtained  for  each  gage  A  piece 
ot  20-gage,  Is/^-m  outside-diameter  steel  tubing  is  inserted  into  the  center  of  each  labo- 
ratory calibration  sample  as  an  access  tube  for  calibration  of  the  subsurface  probes. 

With  the  data  obtained,  calibration  curves  are  drawn  up  by  plotting  counts  per 
unit  time  against  moisture  content  or  density  for  each  of  the  gages  (slide  5— typical 
calibration  curve).  The  calibration  curves  for  the  moisture  gages  cover  a  range  of  0  to 
U  lb  ot  water  per  cubic  foot  of  material.  The  calibration  curves  for  the  density  gages 
cover  materials  in  a  range  of  60  to  160  lb  per  cubic  foot  of  wet  density.  The  caHbration 
curves  for  the  depth  gages  take  into  consideration  the  piece  of  access  tube  used    If  any 
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Slide  2 — Depth  moisture  gage. 


but  the  standard-size  access  tube  is  used,  the  count  rate  for  various  moisture  and  density 
\alues  may  chance,  and  the  calibration  curve  must  be  shifted  accordinci) . 

Errors  will  be  introduced  in  moisture-content  readings,  using  the  nuclear  equip- 
ment, in  soils  containinc  water  of  crystallization  that  will  not  evaporate  at  105  C  or  in 
soils  containing  sufficient  quantities  of  atoms  having  a  high  absorption  cross  section  for 
neutrons,  such  as  cadmium,  lithium,  boron  and  chlorine.  The  calibration  curves  for  the 
moisture  gages  may  require  shifting  if  any  appreciable  amount  of  any  of  these  elements 
is  present  in  the  soil. 

The  surface  density  gage  has  an  effective  depth  of  measurement  which  varies  some- 
what with  the  density  of  the  soil.  The  con.sensus  is  that  this  depth  will  vary  from  about 
4  in  for  the  heavier  soils  to  about  8  in  for  light  soils.  The  surface  moisture  gage  has  an 
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Slide   3 — Surface   density   gage. 


effective  depth  of  measurement  which  varies,  according  to  general  opinion,  from  about 
6  m.  m  wet  soils  to  about  8  in.  in  dry  soils. 

The  subsurface  nuclear  moisture  and  density  gages  measure  a  spherical  volume  of 

cor:ii::uronhrs:;:  ^^^-^  ^^^" ' '- "  -  ^-"^-  -  ^^^  ^^^-^-  -^-^^ 

gage'lniro'f^nl  '"  '\l  ""  "'  '''  "^'"^  ^°"  ""'^^""  ^^^^  ^  ^^^-^  ^-'  densitv 
fecto/ rr  on     he         f  Tf """'  "'"'  '^""^^"^  ^'^^  ^^^'"^'^^-^  --"  -^  de'- 

Th     handle   of  th  "'   1      '  T""'   "'"'   '^^   '^^"   '^^^^^"">'   ^^^^^^    (^"^e   6). 

The  handle   of  the   gage  ,s  then  released  and   depressed.  This  removes  the  radioactive 
source  from  its  shield  and  places  it  in  position  where  its  rays  can  penetrate  into    h 
tetor  inMrr    «^  f^^^-j'-^^-'^-tter  per  unit  time  is  then  measured  bv  the  de! 
lector  in  the  gage  and  recorded  by  a  portable  scaler  (slide  7). 
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Slide  4 — Depth  density  gage. 


The  procedure  for  operating  the  subsurface  soil  moisture  page  or  subsurface  soil 
density  gage  consists  of  lowering  the  probe  to  the  desired  depth  into  a  hole  wh.ch  has 
been  bored  by  augering  and  cased  with  a  l^«-in  diameter  20-gage  steel  access  tube 
(slide  8).  The  amount  of  back-scatter  per  unit  time  is  measured  by  the  detector  in  the 
probe  and  recorded  by  a  portable  scaler. 

Other  moisture-densitv  instruments  using  nuclear  techniques  are  commercially  avail- 
able The  Hidrodensimeter  apparatus,  manufactured  by  Viatec  Limited  ot  South  .Africa 
and  distributed  in  this  country  by  Tellurometer,  Inc.,  and  the  Troxler  nuclear  moisture- 
density  apparatus  manufactured  by  Troxler  Electric  Laboratory  are  examples  ol  such 
equipment. 

The    Hidrodensimeter    consists    of    a    .single    gage    using    the    same    radium-beryllium 
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Slide  5 — Typical  calibration  curve. 
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Slide  6 — Using  surface  soil  density  gage. 
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Slide    7 — Recording   radioactive    back-scatter   with   portable    scaler. 


source  for  both   moisture  and  density  measurements.  It  employs  the  same  back-scatter 
method  used  in  the  Nuclear-Chicago  gages. 

The  Troxler  equipment  uses  separate  instruments  for  determination  of  moisture  and 
density.  Each  gage  has  its  own  radium-beryllium  source,  which  is  the  same  strength  for 
both  gages.  The  Troxler  equipment  employs  the  direct  transmission  technique  in  which 
the  radioactive  source  and  detector  tubes  are  arranged  so  that  the  material  to  be  bom- 
barded is  between  them.  This  is  in  contrast  to  the  other  instruments  discussed  in  this 
paper  which  employ  the  back-scatter  technique. 

Since  radiation  in  excess  quantities  is  known  to  be  harmful  to  the  human  body,  it 
is  necessary  to  observe  certain  precautionary  measures  when  using  this  type  of  equip- 
ment. All  persons  working  with  the  nuclear  soil  moisture  and  density  gages  must  be 
provided  with  some  type  of  personal  monitoring  device.  This  may  be  a  film  badge  worn 
on  the  clothing  or  a  pocket  dosimeter.  The  film  badge  measures  radioactivity  and  is 
developed  and  analyzed  monthly,  providing  a  permanent  and  accurate  record  of  indi- 
vidual radiation  exposure.  The  pocket  dosimeter  measures  and  records  the  amount  of 
radiation  to  which  the  individual  has  been  exposed  and  may  be  read  daily.  Portable 
monitoring  instruments  to  insure  safe  radiation  levels  are  also  recommended.  My  experi- 
ence has  been  entirely  with  the  Nuclear-Chicago  equipment  which  is  designed  so  that 
when  the  surface  gages  are  lifted  by  the  handle  or  the  subsurface  gages  are  brought 
to    the   surface,    the   radioactive   source   is   automatically   placed   in   a   shielded  position. 


Address   of    G.    L.   Hinueber 


847 


Slide   8 — Using   subsurface   density   gage. 


848 Roadway    and    Ballast 

When  working  with  nuclear  equipment  of  this  type,  there  appears  to  be  no  danger  to 
the  operator  if  normal  care  is  exercised  in  its  use  and  storage. 

Some  of  the  uses  to  which  the  nuclear  moisture-density  equipment  is  being  put  in- 
clude soil  stability  investigations;  preconstruction  subsurface  evaluation;  airfield,  high- 
way and  railroad  construction;  building  failures  investigations;  borrow  pit  evaluation; 
evaluation  of  embankments;  and  in-place  density  of  asphalt  and  concrete. 

Engineering  research  personnel  of  the  Association  of  American  Railroads  have  used 
nuclear  soil  moisture-density  equipment  on  a  number  of  investigations  on  various  rail- 
roads over  a  period  of  about  5  years.  These  investigations  included  comparison  of  nu- 
clear test  equipment  results  with  results  obtained  by  conventional  methods,  control  tests 
on  construction  projects,  soil  stability  investigations,  and  pre-construction  subsurface 
evaluation. 

In  1960  an  investigation  was  conducted  by  AAR  personnel  on  the  site  of  what  was 
to  be  a  new  railroad  hump  yard.  The  hump  yard  construction  was  to  involve  the  exca- 
vation, movement,  placement  and  compaction  of  some  two  million  yards  of  earth  ma- 
terial. The  purpose  of  the  investigation  was  to  determine,  as  accurately  as  possible, 
the  amount  of  volume  change  that  could  be  expected  in  removing  the  soil  materials 
from   cut  or  borrow  areas  and  placing  and   recompacting  them  in  fill. 

In  the  past,  the  determination  of  volume  changes  of  this  nature  were  invariably 
an  estimate  based  on  experience.  More  recently,  however,  in-place  moisture  and  density 
tests  in  test  pits,  together  with  test  borings  and  penetration  resistance  records  and 
laboratory  soils  tests,  have  provided  a  sometimes  closer  but  not  always  completely 
reliable   estimate. 

The  original  grades  for  this  hump  yard  construction  were  designed  on  the  premise 
of  a  shrinkage  of  10  percent.  .A  variation  of  even  1  percent  from  this  original  estimate 
could  mean  a  needless  expenditure  in  excess  of  $7000  should  it  be  necessary  to  borrow 
or  waste  20,000  cu  yd  of  material.  However,  with  accurate  volume  change  data,  it 
might  be  possible  to  avoid  either  borrow  or  waste  by  redesigning  the  grades  so  that 
excavation   and   embankment   would  balance. 

The  field  work  involved  the  use  of  the  nuclear  surface  and  subsurface  soil  moisture 
and  density  gages  for  the  determination  of  the  in-place  moistures  and  densities  of  the 
various  soil  strata  encountered  over  the  entire  proposed  relatively  shallow  cut  areas. 
Laboratory  tests  were  conducted  to  determine  the  compacted  density  that  could  be 
expected  in  the  field  and  the  optimum  moisture  content  to  obtain  this  density  for  each 
of  the  cut  soils  encountered  in  the  project.  The  average  in-place  dry  density  of  the 
entire  volume  of  proposed  excavation  computed  from  the  nuclear  moisture  and  density 
readings  was  computed  to  the  density  of  the  entire  recompacted  volume  as  estimated 
from  the  laboratory  tests,  and  a  shrinkage  factor  was  arrived  at.  The  railroad  was 
advised  that  instead  of  the  originally  assumed  10  percent  shrinkage  factor,  a  swell  of 
about  5  percent  could  be  expected  if  the  density  specified  in  the  contract  was  attained. 
This  information  enabled  the  railroad  to  revise  the  grades  so  that  excavation  and 
embankment  would  balance  and  thus  eliminate  borrow  or  waste. 

In  the  final  analysis,  the  actual  volume  change  experienced  in  the  field  proved  to 
be  very  close  to  that  computed  by  the  investigation.  As  a  result,  an  estimated  saving 
in  excess  of  $90,000  was  realized  on  this  job. 

A  number  of  advantages  as  well  as  a  number  of  disadvantages  have  been  generally 
attributed  to  the  nuclear  method  of  surface  soil  moisture  and  density  determination. 
One  of  the  advantages  is  the  ability  to  obtain  rapid  results.  An  individual  moisture  or 
density  reading  can  be  obtained  in  as  little  as  5  min.  There  is  no  need  to  take  samples, 
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make  weights  or  dry  samples  in  the  oven.  Results  obtained  with  the  nuclear  equipment 
are  reproducible  to  within  2  percent. 

The  nuclear  tests  are  of  a  nondestructive  nature.  The  conventional  methods  of 
surface  soil  moisture  and  density  measurement  using  the  sand-cone  apparatus  or  the 
water-balloon  apparatus  are  destructive  to  the  extent  that  a  hole  must  be  dug.  There 
is  a  possibility  of  disturbing  and  deforming  the  material  around  the  hole,  and  this  may 
result  in  an  inaccurate  volume  determination.  Other  inaccuracies  may  result  in  the 
volume  determination  of  the  test  hole.  For  example,  it  is  never  known  to  what  extent 
the  rubber  balloon  of  the  water-balloon  apparatus  fills  the  hole.  Also,  repeated  calibra- 
tion of  the  same  sand  used  with  a  sand-cone  apparatus  will  generally  yield  different 
values  of  the  sand's  weight  per  unit  volume. 

The  nuclear  equipment  measures  a  considerably  larger  volume  of  soil  than  the 
conventional  methods.  It  gives  weighted  values  of  moisture  and  density  for  a  fairly 
large  but  somewhat  indeterminate  volume  of  soil,  whereas  the  conventional  methods 
give  an  average  moisture  content  and  unit  weight  for  a  relatively  small  volume  of 
material  removed  from  the  test  hole.  In  the  field,  significant  variations  in  density  and 
moisture  content  can  exist  in  a  relatively  small  volume  of  soil  due  to  such  things  as 
variations   in    gradation,   compaction   and   moisture   distribution. 

Another  advantage  of  the  nuclear  equipment  lies  in  its  simplicity  of  operation. 
Anyone  of  average  intelligence  can  be  trained  to  operate  the  equipment  in  a  very  short 
time.  The  equipment  is  portable  and  self-contained.  It  can  be  carried  or  transported 
in  a  small  vehicle.  Its  power  is  supplied  by  batteries  which  can  be  recharged  by  simply 
connecting  to  an  ordinary  110-v  outlet.  It  is  economical  to  operate.  There  are  savings 
in  time  and  labor  over  conventional  methods. 

Some  disadvantages  associated  with  the  nuclear  equipment  are  high  initial  cost, 
possible  delays  due  to  equipment  failures,  and  possible  errors  due  to  non-uniform  rate 
of  gamma  ray  or  neutron  emission.  Any  malfunction  of  the  equipment  can  be  readily 
detected  by  taking  a  periodic  count  reading  on  a  standard  provided  with  the  equipment 
for  this  purpose.  Errors  due  to  non-uniform  radioactive  emission  can  be  eliminated  by 
taking  the  count  over  a  sufficiently  long  period  of  time. 

In  the  nuclear  method  of  investigation,  the  operator  cannot  visually  inspect  the 
material  being  tested.  Large  rocks  and  other  foreign  matter  or  voids  within  the  influ- 
ence of  the  instrument  which  can  affect  the  reading  can  go  undetected.  This  condition 
can  usually  be  remedied  by  taking  a  second  reading  with  the  gage  rotated  90  deg  from 
the  original  position.  If  the  count  rates  differ  appreciable,  it  indicates  the  existence  of 
such  a  condition. 

From  the  foregoing,  it  is  evident  that  a  number  of  variables  are  involved  in  the 
nuclear  and  conventional  methods  of  soil  moisture  and  density  measurements,  and  there- 
fore, a  comparison  of  results  obtained  should  be  expected  to  cover  a  wide  range  of 
differences.  In  making  such  comparisons,  it  must  be  stated  in  all  fairness  that  neither 
the   conventional   methods  nor  the   nuclear  method  is  completely   accurate  and   reliable. 

The  subsurface  nuclear  soil  moisture  and  density  equipment  permits  evaluation  of 
in-place  subsurface  soil  conditions  with  greater  accuracy  and  less  expense  than  heretofor 
possible.  The  chief  problem  with  the  equipment  lies  in  the  difficulty  of  advancing  the 
1^-in,  20-gage  steel  standard  casing  used  as  an  access  tube  for  the  probes  to  any  great 
depth  into  the  soil  without  bending,  creasing  or  otherwi.se  damaging  or  distorting  it 
and  making  it  impossible  to  lower  the  probe.  Intimate  contact  between  the  out.side 
of  the  casing  and  the  soil  is  necessary  for  accurate  results  and  is  often  difficult  to  attain. 
So   far  in   the   work   of  the  .\.-\R    with   the  subsurface   nuclear  equipment,   we  have   not 
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arrived  at  a  truly  satisfactory  method  of  advancing  the  casinj;,  and  in  no  instance  have 
we  been  able  to  go  beyond  a  depth  of  20  ft. 

At  present,  equipment  utilizing  radioisotopes  for  determining  soil  moisture  and 
density  is  being  used  to  a  greater  or  lesser  degree  by  some  25  state  and  county  highway 
departments,  12  federal  agencies  and  national  associations,  which  includes  the  Association 
of  American  Railroads  Research  Center,  4  soil  testing  laboratories,  several  universities, 
and  a  number  of  organizations  in  6  foreign  countries.  Several  prominent  engineering 
groups  have  organized  committees  for  the  purpose  of  further  investigation,  testing  and 
study  of  the  nuclear  method  with  the  eventual  goal  of  establishing  a  standard  proce- 
dure for  the  use  of  such  equipment.  Indications  point  to  a  promising  future  for  the 
use  of  radioactive  materials  in  soil  moisture  and  density  testing  equipment.   [Applause] 


Chairman  Beighley:  Mr.  President,  this  concludes  the  presentation  of  the  report 
of  Committee  1.  It  also  concludes  my  tenure  of  office  as  chairman  of  Committee  1. 
It  has  been  a  most  interesting  three  years  that  I  have  had  in  connection  with  the 
chairmanship  of  this  committee,  and  all  of  my  subcommittee  chairmen  and  members 
of  the  committee  have  given  me  very  loyal  support. 

At  this  time  I  should  like  to  introduce  the  new  officers  of  Committee  1 :  chairman, 
L.  J.  Deno,  staff  engineer — maintenance,  Chicago  &  North  Western  Railway;  vice  chair- 
man, C.  E.  Webb,  engineer  of  tests.  Southern  Railway;  and  as  secretary,  John  S. 
Felton,  Jr.,  division  engineer,  Norfolk  &  Western. 

President  Loggins:  Thank  you,  Mr.  Beighly,  for  these  additional  reports  of  your 
committee  as  you  complete  your  three-year  term  as  chairman.  Your  committee,  working 
with  the  AAR  research  staff,  individual  railroads,  and  several  other  technical  groups, 
continues  to  progress  a  wide  range  of  subjects  and  projects  of  great  importance  to  our 
members  and  the  railroads.  For  this  we  are  much  indebted.  And  our  thanks  to  you, 
Mr.  Hinueber,  for  bringing  us  up  to  date  on  the  newer  tools  for  determining  the 
moisture  content  of  soils. 

We  are  pleased  to  welcome  Mr.  Felton  and  Mr.  Webb  as  the  new  secretary  and 
vice  chairman,  respectively,  of  Committee  1,  and  Mr.  Deno  as  its  chairman.  Mr.  Deno, 
to  help  you  carry  forward  the  good  work  of  Mr.  Beighley  and  of  the  many  other 
distinguished  chairmen  of  Committee  1,  I  want  to  present  you  with  this  chairman's 
gavel,  which  bears  your  name  and  the  words,  "Chairman,  AREA  Committee  1 — 
1964-1966." 

Mr.  Beighley,  thanks  again.  Your  committee  is  now  excused  with  the  thanks  of  the 
Association.   [Applause] 

Discussion  on  Rail 

[For  report,  see  Bulletin   584,  pages  519-607] 

President  Loggins:  Of  the  three  committens  yet  to  be  heard  from,  we  shall  next 
hear  from  our  Committee  4 — Rail.  Their  able  chairman,  who  is  completing  his  three- 
year  term,  is  W.  J.  Cruse,  engineer  maintenance  of  way  of  the  Great  Northern  Railway, 
at  St.  Paul,  Minn. 

Mr.  Cruse,  I  welcome  you  and  your  committee  to  the  speaker's  table,  and  when 
you  get  up  here  I  shall  be  glad  to  turn  the  meeting  over  to  you. 

Chairman  W.  J.  Cruse:  Before  getting  into  our  report  of  Committee  4,  I  should 
like   to   welcome  a   Member   Emeritus   of   Committee  4   who   is   sitting  with   us   today, 
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J.  L.  Gressitt,  retired  chief  engineer  of  the  Pennsylvania.  We  are  happy  to  have  you 
with  us,  sir. 

The  report  of  Committee  4  appears  on  pages  510  to  607,  incl.,  Bulletin  .S84.  In  the 
interest  of  time  we  shall  present  only  one  formal  report,  which  has  to  do  with  our 
Manual  material,  and  touch  briefly  on  three  other  assignments. 

During  the  year  five  members  of  Committee  4  resigned  because  of  reassignment 
of  duties  and  transfer  of  employment,  and  five  new  members  were  added.  Professor 
R.  E.  Cramer  has  retired  and  in  recognition  of  his  32  years  of  work  at  the  Materials 
Testing  Laboratory  of  the  University  of  Illinois  in  connection  with  rail  investigations, 
the  committee  felt  it  only  proper  to  publish  his  biography  as  shown  on  page  521, 
Bulletin   584,  of  February   1964. 

I  should  like  at  this  time  to  recognize  those  subcommittee  chairmen  who  will  not 
be  presenting  formal  reports  today;  also  our  secretary. 

O.  E.  Fort,  chief  engineer.  St.  Louis-San  Francisco  Railway,  is  our  secretary. 

R.  C.  Postels,  assistant  chief  engineer  maintenance  of  way,  Soo  Line  Railroad,  is 
chairman  of  Subcommittee  4 — Rail  End  Batter;   Causes  and  Remedies. 

C.  E.  Weller,  assistant  engineer  maintenance  of  way,  Illinois  Central,  is  chairman 
of  Subcommittee  5  — Economic  Value  of  Various  Sizes  of  Rail. 

Embert  Osland,  office  engineer,  Atchison,  Topeka  &  Santa  Fe  Railway,  is  chairman 
of  Subcommittee  6 — Joint  Bars;  Design,  Specifications,  Service  Tests,  Including  Insulated 
Joints  and  Compromise  Joints. 

T.  B.  Hutcheson,  chief  engineer,  Seaboard  Air  Line  Railroad,  is  chairman  of 
Subcommittee   9 — Standardization   of   Rail   Sections. 

A.  P.  Talbot,  assistant  engineer,  Penn.sylvania  Railroad,  is  chairman  of  Subcom- 
mittee 10 — Service  Performance  and  Economics  of  78-Ft  Rail,  Collaborating  with 
Committee   5 ;   Specification   for   78-Ft   Rail. 

Assignment   1 — Revision   of  Manual 

Cn.MRMAN  Cruse:  Subcommittee  Chairman  J.  A.  Bunjer,  chief  engineer,  Union 
Pacific  Railroad,  is  unable  to  be  here  today,  so  I  shall  read  his  report. 

Chairman  Cruse  (fcr  J.  A.  Bunjer):  Your  ccmmitlee  submits  for  adoption  the 
following  recommendations  with  respect  to  Chapter  4  and  the  Glos.sary  of  the  Manual: 

[Chairman  Cruse  then  read  the  committee's  recommendations  with  respect  to  the 
Specifications  for  Open-Hearth  Steel  Rails  (Basic-Oxygen  Process  May  Be  Used  at  the 
Option  of  the  Purchaser);  the  Glossary;  and  Rail  Record  Forms  as  printed  in  Bulletin 
584,  pages  521   to  525,  incl.,  concluding  as  follows:  I 

Chairman  Cruse:  Mr.  President,  I  move  that  the  aforementioned  recommendations 
be   accepted   for  inclusion   in   the   Manual. 

[The  motion  was  duly  .=econdefl,  was  put  to  a  vote,  and  carried.) 

Assignment  3 — Rail  Failure  Statistics.  Covering  (a)  All  Failures; 
(b)    Transverse   Fissures:   (c)   Performance   of   Control-Cooled  Rail 

Chairman  Cruse:  The  report  on  .Assignment  ,^  will  be  presented  by  C.  J.  Code, 
assistant  chief  engineer — staff,  Penn.sylvania  Railroad,  in  the  ab.sencc  of  Subcommittee 
Chairman  D.  T.  Faries,  chief  engineer,  Bessemer  &  Lake  Erie  Railroad. 
C.  J.  Code:  Mr.  President,  Mr.  Chairman,  ladies  and  gentlemen: 
Looking  over  the  very  complete  and  informative  report  prepared  by  the  AAR 
laboratory,  it  is  notable  that  the  Quebec  North  Shore  &  Labrador  and  the  Quebec 
Cartier  are  now  reporting.  These  two  heavy  ore-carrying  railroads  with  captive  equip- 
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ment  should  produce  interesting  data  as  time  goes  on.  We  hope  some  day  that  we  may 
have  Canadian  National  figures  for  inclusion  in  our  report. 

The  report  continues  to  reflect  the  almost  perfect  performance  of  control-cooled 
rail  as  to  the  elimination  of  true  transverse  fissures  from  shatter  cracks. 

It  also  continues  to  reflect  the  excellent  performance  of  the  new  rail  sections 
adopted  in  1947  with  respect  to  reduction  of  all  types  of  failures.  The  small  table  at 
the  bottom  of  page  538  shows  a  figure  of  9.24  accumulated  failures  per  100  track  mile 
years  for  the  old  sections,  1938  to  1947,  compared  to  2.42  for  the  new  sections,  1952 
to  1961,  a  reduction  of  nearly  74  percent.  The  principal  reduction  is  in  web  failures. 

Looking  at  Table  5  (a),  I  am  impressed  by  the  fact  that  88  percent  of  the  failures 
of  the  new  sections  are  head  defects  of  a  type  that  may  well  be  associated  with  high 
localized  stresses  in  the  rail  head  due  to  concentrated  pressures  from  heavy  wheel  loads 
— the  type  of  failure  which  is  not,  to  the  best  of  my  knowledge  and  belief,  subject  to 
control  to  any  considerable  extent  by  improved  rail  design. 

Next  year's  report  will  include  for  1963  a  new  table  showing  failures  of  all  types 
for  the  current  year,  regardless  of  age  of  rail.  Over  the  next  ten  years  this  should 
develop  some  interesting  information. 

Assignment  5 — Economic   Value  of  Various  Sizes  of  Rail 

Chairman  Cruse:  The  report  shown  on  page  557  through  559  of  Bulletin  584  is  a 
final  one.  The  rail  in  these  test  sections  is  approximately  20  years  old  and  is  being 
replaced.  I  call  to  your  attention  the  savings  realized  through  the  use  of  a  heavier  rail 
section,  particularly  in  labor  and  cross  ties. 

Assignment  7 — Metallurgical  Effect  of  Rail  Cropping  Methods 

Chairman  Cruse:  A  brief  report  on  Assignment  7  will  be  presented  by  Subcom- 
mittee Chairman  V.  E.  Hall,  assistant  engineer,  Atchison,  Topeka  &  Santa  Fe  Railway. 

V.  E.  Hall:  The  report  on  Assignment  7  appears  on  pages  573-576  of  the  February 
Bulletin  584.  This  report  consists  of  results  obtained  from  a  questionniare  sent  to  mem- 
bers of  the  Rail  committee  concerning  their  uses  of  cropped  rail  and  methods  employed 
in  cropping  the  rail.  It  also  contains  results  of  a  metallurgical  investigation  the  AAR 
made  for  the  Santa  Fe  of  new  136-lb  and  second-hand  131 -lb  rail  ends  cut  by  this 
road's  friction  saw. 

The  last  paragraph  of  this  report  mentions  that  the  AAR  is  conducting  metallurgical 
investigations  of  rail  cropping  by  wet  and  dry  abrasive  wheel  methods.  The  AAR  has 
now  completed  and  distributed  Report  No.  ER-42  on  this  subject,  and  we  are  asking 
the  secretary's  office  to  include  the  report  as  a  part  of  the  Convention  presentation 
of  Committee  4  in  the  June-July  Bulletin. 

An  Investigation  of  Cropping  Rail  by  Wet  and  Dry 
Abrasive  Wheel  Methods 

The  cropping  of  relay  rail  in  the  field,  as  well  as  at  the  welding  plant,  is  of  con- 
siderable interest  to  the  railroad  industry.  One  phase  of  such  rail  cropping,  using  wet 
and  dry  abrasive  wheel  methods,  has  been  investigated  at  the  AAR  Research  Center 
under  the  direction  of  G.  M.  Magee,  director  of  engineering  research,  by  Kurt  Kan- 
nowski,  metallurgical  engineer,  in  conjunction  with  the  Illinois  Central  Railroad,  the 
Union  Pacific  Railroad  and  the  Obear  equipment  manufacturers. 


Discussion 


853 


Fig.  1 — Abrasive  cut-off  machine  showing  a  rail,  base  up,  in  a  cropping 
operation  before  start  of  cut. 
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Fig.  2— Wet  abrasive  cut-off  machine  cropping  a  rail  witfi  the  base  up. 
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Wet  Abrasive  Cutting 

The  necessity  of  providing  sufficient  amounts  of  cropped  relay  rail  for  an  oxy- 
acetylene  pressure  butt  welding  plant  led  to  a  request  by  C.  E.  Wcller,  engineer,  main- 
tenance of  way  of  the  Illinois  Central  Railroad,  to  investigate  wet  abrasive  wheel  meth- 
ods of  cropping.  The  standard  power  hack  saws  were  not  adequate  in  supplying  rail 
for  the  welding  plant.  A  general-purpose  Obcar  wet  wheel  cut-i  ff  machine,  as  shown  on 
Fig.  1,  was  used  on  80-lb  old  rail.  This  machine  is  used  in  cutting  rounds  and  squares 
of  various  alloy  steels  for  machine  shop  applications,  which  require  a  highly  polished 
finish  and  a  square  cut.  Since  no  special  fixture  for  the  rail  section  was  available,  it  was 
necessary  to  cut  the  rail  head-down,  as  shown  in  Figs.  1  and  2.  In  this  operation  a  20-in 
abrasive  wheel  cooled  by  an  oil-and-water  emulsion  cut  the  80-Ib  rail  section  in  30  to 
40  sec,  including  the  time  used  in  clamping  the  rail  by  means  of  a  hydraulic  hold-down. 
The  success  of  this  type  of  cutting  depends  entirely  on  the  accurate  application  of  equal 
amounts  of  coolant  on  both  sides  of  the  cutting  edge  of  the  wheel.  It  was  noted  at  the 
start  of  the  cutting  test  that  a  highly  polished  surface  was  produced,  as  shown  on 
specimens  5  and  6  of  Fig.  3.  Since  producing  this  surface  requires  a  relatively  soft  wheel 
with  a  resulting  lowering  of  the  wheel  life,  it  was  suggested  that  a  harder  wheel  should 
be  used,  producing  a  somewhat  rougher  surface,  but  also  extending  the  wheel  life. 
The  surface  is  shown  on  specimens  1  to  4  on  Fig.  3.  It  is  believed  that  this  rougher 
surface  can  be  tolerated  for  welding,  since  the  present  welds  arc  made  with  hack-saw- 
cut  welding  surfaces.  Specimen  1  on  Fig.  3  was  made  with  the  full  20-in  diameter  of 
the  hard  wheel;  specimens  2  to  4  were  made  while  the  wheel  diameter  was  wearing  to 
17 Ji  in.  The  smallest  usable  diameter  of  the  wheel,  in  this  case,  is  16  in.  During  the 
above  experiment,  52  cuts  were  made.  All  the  cuts  were  found  to  be  square,  using  as 
check  points,  both  the  head  and  the  base  of  the  rail.  Specimen  2  rn  Fig.  3  was  obtained 
from  the  26th  cut  and  specimen  4  frcm  the  50th  cut. 

In  order  to  investigate  the  effect  of  this  cutting  on  the  grain  structure  of  the 
specimen,  a  small  section  was  obtained  from  the  edge  of  the  rail  ba.se  of  cross  sections  2 
and  4.  The  micrographs  cf  the  faces  of  the  cut  and  of  faces  perpendicular  to  the  cut 
are  shown  on  Figs.  4  to  7.  It  can  be  noted  that  no  metallurgical  deformation  had  taken 
place.  Another  small  section  frcm  the  edge  of  rail  cross  section  6  cut  with  the  softer 
wheel  is  shown  on  micrographs  en  Figs.  8  and  9.  Again  it  can  be  noted  that  no  metal- 
lurgical deformation  had  taken  place.  From  the  observations  of  the  cross  sections  that 
were  cut  for  Fig.  3,  which  show  that  the  surfaces  were  not  burned  and  that  the  pearlitic 
structures  in  the  micrographs  were  unchanged,  it  can  be  cncluded  that  wet  abrasive 
cropping  is  acceptable. 

Dry  Abrasive   Cutting 

In  order  to  investigate  the  developmenls  in  improved  abrasive  wheels  and  cutting 
methods,  using  the  dry  method  lor  cr(  pping  rail  in  the  field,  J.  A.  Bunjer,  chief  engineer 
of  the  Union  Pacific  Railroad,  requested  a  metallurgical  investigation  of  rail  cross  sec- 
tions cropped  by  this  methcd  in  a  relaying  program.  Thl  request  was  motivated  by 
Investigation  38  conducted  at  the  .\.\R  Research  Center  in  1961.  This  was  a  metal- 
lurgical investigation  of  rail  cross  sections  cropped  by  abrasive  wheels,  and  was  requested 
by  the  Chicago  &  North  Western.  In  that  investigation,  marlensitic  .>;truclures  to  a  fle|)th 
of  0.046  to  0.086  in  were  found  in  the  web  and  on  the  edge  of  the  rail  ba.se.  The  rail 
cross  sections  for  this  new  investigation,  as  .shown  on  Figs.  10  and  11.  were  cropped 
in  track  by  means  of  Obear  equipment  on  the  Union  Pacific. 

(Text  conlinurd  an  page  863) 
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showing   the   cut   face.   Mag.    lOOX,   etchant  3  percent  nital. 


Fig.  5— Micrograph  of  a  specimen  from  the  edge  of  the  "il  base  of 
sample  2  showing  the  surface  perpendicular  to  the  cut  face.  Mag.  lOOX. 
etchant  3  percent  nital. 
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Fig.  6 — Micrograph  of  a  specimen  from  the  edge  of  the  rail  base  of  sample 
4  showing  the  cut  face.  Mag.   lOOX,  etchant  3  percent  nital. 


Fig.  7 — Micrograph  of  a  specimen  from  the  edge  of  the  rail  base  of 
sample  4  showing  the  surface  perpendicular  to  the  cut  face.  Mag.  lOOX, 
eachant  3  percent  nital. 
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Fig.  9 — Micrograph  of  a  specimen  from  the  edge  of  the  rail  base  of 
sample  6  showing  the  surface  perpendicular  to  the  cut  face.  Mag.  lOOX, 
etchant  3  percent  nital. 
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Fig.  10 — Cross  sections  of  rail  specimens  cut  by  the  dry  abrasive  wheel 
cropping  method  before  removal  of  smears  from  the  bonding  compound 
of  the  abrasive  wheel, 
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Fig.  11 — Cross  sections  of  rail  specimens  cut  by  the  dry  abrasive  wheel 
cropping  method  after  removal  of  smears  from  the  bonding  compound  of 
the    abrasive    wheel. 
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Fig.  12 — Micrograph  of  a  specimen  from  the  burned  edge  of  the  rail 
base  of  sample  2  showing  the  surface  perpendicular  to  the  cut  face.  Mag. 
lOOX,  etchant  3  percent  nital. 


Fig.  13 — Micrograph  of  a  specimen  from  the  edge  of  the  rail  base  of 
sample  4  showing  the  surface  perpendicular  to  the  cut  face.  Mag.  lOOX, 
etchant  3  percent  nital. 
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Fig.  14 — Micrograph  of  a  specimen  from  the  burned  edge  of  the  rail 
base  of  sample  5  showing  the  surface  perpendicular  to  the  cut  face.  Mag. 
lOOX,    etchant    3    percent    nital. 


The  rail  (l.n  RE  section)  was  cut  !)>•  the  dry  al)rasivc  method.  The  tirst  cut  was 
made  through  the  work-hardened  surface  and  head  of  the  rail,  and  finished,  with  a  full 
diameter  wheel.  Using  this  method  only  Q  to  14  cuts  were  obtained  with  a  26-in 
diameter  wheel.  Considering  the  carbon  content,  the  height  of  the  rail  and  the  hardness 
of  the  surface  on  the  initial  cut,  it  is  of  interest  to  compare  this  performance  with  the 
wet  method  of  abrasive  cutting  of  large-cross-section  second-hand  rail  on  the  Illinois 
Central. 

Specimens  1  and  2  were  cut  hy  a  method  that  was  considered  i)ad  practice.  The 
cutting  pressure  was  not  maintained,  permitting  the  abrasive  wheel  to  glaze  over,  result- 
ing, as  can  be  noted  on  Fig.  11,  in  burned  spots  on  s|)ecimens  1  and  2.  Cross  .sections  3 
and  4  were  cut  in  accordance  with  the  railroad's  .standard  i)ractice.  The  head  and  part 
of  the  web  were  cut  by  a  small-diameter  or  worn  wheel.  The  cross  section  was  then 
fmished  with  a  lull  diameter  wheel.  Cross  sections  S  and  6  were  cut  by  a  full-diameter 
wheel.  A  small  burnt  area  on  the  base  of  the  rail  can  be  noted.  It  is  of  interest  to  note 
the  same  sections  on  Fig.  10.  The  dark  areas  are  not  burnt  steel  but  are  stained  by  the 
binder  of  the  abrasive  in  the  wheel.  The  true  appearance  of  the  cross  .sections  is  shown 
on  Fig.  11.  The  appearance  on  Fig.  10  may  lead  to  misinterpretation  of  the  cut  surfaces. 
It  was  noted  on  inspection  of   the  i)revious  day's   rail   cropping  in   track,  that    none  of 
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the  surfaces  had  been  burned  in  using  the  standard  practice  of  cropping  rail.  The  micro- 
graphs as  shown  on  Figs.  12  to  14  were  obtained  from  the  edge  of  the  base  of  the  rail 
of  the  specimen.  They  show  the  face  perpendicular  to  the  cut  surface.  The  micrograph 
on  Fig.  12  shows  the  largest  amount  of  martensite,  which  may  be  expected  from  the 
irregular  practice  in  obtaining  the  cut.  The  micrograph  on  Fig.  13  shows  no  thermal 
deformation,  which  confirms  the  soundness  of  the  standard  practice.  The  micrograph 
on  Fig.  14  shows  a  very  light  layer  of  martensite  which  was  probably  caused  by  the 
easing  of  the  pressure  as  the  full  diameter  wheel  cut  through  the  base. 

From  the  metallurgical  investigation,  the  wet  abrasive  wheel  cropping  method, 
using  fully  automated  equipment,  is  acceptable  and  will  be  followed  as  it  is  used  in  the 
welding  plant.  It  is  anticipated  that  welds  having  weld  surfaces  cut  by  this  method 
will  be  given  slow  bend  tests  and  rolling-load  tests  at  the  AAR  Research  Center.  Com- 
paring the  results  of  the  investigation  of  in-track  cropped  rail  sections  in  1961,  which 
had  martensitic  structures  0.046  to  0.086  in  deep,  with  the  results  of  the  present  inves- 
tigation, in  which  the  martensitic  structures  were  0.013  to  0.020,  deep,  at  the  worst, 
it  can  be  concluded  that  a  large  improvement  has  been  made  in  dry  abrasive  rail 
cropping.  The  presence  of  the  martensitic  structures  in  the  thin  sections  of  the  rail  at 
the  end  have  not  been  proven  harmful,  but  they  certainly  are  not  desirable 
metallurgically. 

Assignment  8 — Causes  of  Shelly  Spots  and  Head  Checks  in  Rail: 
Methods   for   Their  Prevention 

Chairman  Cruse:  In  the  absence  of  Subcommittee  Chairman  C.  F.  Parvin,  engineer 
maintenance  of  way,  Pennsylvania  Railroad,  Kurt  Kannowski,  metallurgical  engineer, 
AAR,   will  present  the  report  on  Assignment  8. 

K.  H.  Kannowski:  During  the  past  year  the  service  tests  of  fully  heat-treated  and 
alloy  rails  have  been  observed  and  some  of  the  rolling-load  tests  conducted  by  the 
Research  Center  staff  of  the  AAR.  The  major  part  of  the  rolling-load  tests  were  con- 
ducted at  the  University  of  IlHnois  by  Professor  Cramer  during  the  first  nine  months 
of  the  year.  The  equipment  was  moved  to  the  Research  Center  on  his  retirement  and 
has  been  used  in  the  continuance  of  the  development  of  information  on  the  resistance 
of  induction-hardened  and  flame-hardened  rails  to  shelling. 

The  service  tests  of  the  fully  heat-treated  rails  and  alloy  rails,  as  reported  in  Appen- 
dix 8-a,  again  indicate  a  good  performance  of  the  fully  heat-treated  rail  in  resistance 
to  shelHng.  The  high-silicon  rail  this  last  year  is  beginning  to  show  an  advantage  over 
the  standard  carbon  rail  in  its  resistance  to  shelling.  The  above-mentioned  types  of  rails 
had  undergone  the  rolling-load  tests  at  the  University  of  Illinois  during  their  develop- 
ment stages. 

This  same  type  of  investigation  was  conducted  on  flame-hardened  rails  for  the 
Union  Pacific,  Southern  Pacific,  and  Quebec  North  Shore  &  Labrador,  and  is  reported 
in  Appendix  8-b.  The  induction-hardened  rails  of  both  Japanese  and  United  States 
manufacture  are  also  under  investigation  at  the  laboratory.  If  the  laboratory  investiga- 
tions prove  satisfactory,  service  tests  will  be  started  to  complete  the  evaluation  of  these 
rails  in  regard  to  their  resistance  to  shelling. 


Chairman  Cruse:  Some  questions  have  been  raised  about  our  report  on  Epoxy 
Insulated  Joints  which  appears  on  page  567  of  Bulletin  584.  In  this  report  we  state: 
"Regular  joint  bars  with  an  epoxy  coating  are  being  marketed  as  insulated  joints.  To 
check  the  effectiveness  of  this  method,  a  pair  of  132-lb  joint  bars  were  planed  off  on  the 
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top  fishing  surfaces  h/Sl  in  to  allow  a  .</64-in  coating  on  the  top  and  bottom  fishing 
surfaces.  .  .  ." 

We  should  like  to  point  out  that  the  joints  tested  in  the  laiioratoiy  were  not  the 
epoxy-coated  joint  bars  thai  are  being  marketed  as  insulated  joints,  but  were  joints  pre- 
pared in  the  Research  Center  laboratory.  Neither  was  the  epoxy  formulation  the  same 
as  used  in  preparing  the  commercial  bars.  Incidentally,  we  have  just  recently  been 
informed  that  a  rather  large-scale  service  test  of  the  commercial  bars  extending  over 
a  period  of  seven  years  has  proven  quite  successful.  This  is  for  information. 


Chairman  Cruse  (continuing) :  Committee  4  will  present  next  a  special  feature, 
an  address  entitled  "Basic  Oxygen  Steelmaking  Process,"  by  John  R.  Zadra,  assistant 
superintendent,  Quality  Control  Department,  The  Colorado  Fuel  &  Iron  Corporation, 
of  Denver. 

Mr.  Zadra  is  a  member  of  the  Joint  Contact  Committee  of  the  AISI  and  AREA, 
and  he,  along  with  other  quality-control  people  from  the  steel  mills,  has  been  very 
helpful  to  us  in  the  Rail  committee  in  working  out  our  specifications  for  rail  and  track 
fastenings.  I  should  like  to  turn  the  meeting  over  to  Mr.  Zadra. 


Basic  Oxygen  Steelmaking  Process 

By  JOHN  R.  ZADRA 

Assistant   Superintendent,   Quality-Control    Department, 
The   Colorado   Fuel   and   Iron   Corporation 

Introduction 

As  we  look  about  us  in  the  world  of  industry,  we  are  accustomed  to  seeing  one 
process  for  manufacturing  a  product  replaced  by  another  which  dees  the  job  better. 
The  steel  industry  is  no  exception  to  this  evolution  of  processes.  The  basic  steel  indus- 
try, as  we  know  it  today,  had  its  beginning  some  100  years  ago  with  the  discovery  of 
the  bessemer  converter  process  of  making  steel.  During  its  period  of  existence  there  have 
been  some  outstanding  changes  in  the  steelmaking  processes.  However,  during  this  period 
there  never  has  been  any  process  which  has  taken  the  steel  industry  with  such  velocity 
as  has  basic  oxygen  steelmaking.  In  10  short  years  13.9  million  tons  of  annual  capacity 
have  been  installed  in  the  United  States,  of  which  0.6  million  tons  were  installed  in  the 
last  four  years.  More  oxygen  steelmaking  plants  are  n(,w  being  built,  and  every  major 
steel  producer  in  this  country  has  given  careful  study  to  this  process.  By  the  end  of 
1965  basic  oxygen  annual  capacity  in  the  United  States  will  reach  some  ■'<2A  million 
tons. 

During  thc^^e  10  years,  particularly  during  the  last  four,  the  basic  oxygen  process 
has  established  an  important  position  in  the  iron  and  steel  industry  as  a  commercial 
steel-producing  method,  just  as  the  open  hearth  process  began  to  manifest  itself  as  a 
successful  way  of  refining  blast  furnace  molten  pig  iron  into  steel  .some  80  years  ago, 
which,  at  that  time,  was  the  beginning  of  the  fall  of  the  bessemer  steelmaking  process. 
Today  the  giant  of  steelmaking  processes — the  open  hearth — is  beginning  to  face  compe- 
tition from  this  rapidly  growing  basic  oxygen  process. 

The  outstanding  factor  in  the  development  of  steelmaking  technology  during  the 
past  decade  has  been  the  .steady  increase  in  the  utilization  of  manufactured  oxygen.  Air- 
extracted  oxygen   (99.5  Oi:  and  0.5  N)   is  now  used  extensively  both  as  an  aid  in  con- 
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ventional  steelmaking  processes  and  as  the  foundalion  lor  this  entirely  new  steelmaking 
concept  known  as  the  "basic  oxygen  process." 

Why  is  there  so  much  interest  being  taken  today  in  basic  oxygen  steelmaking?  First, 
the  oxygen  furnace  can  make  steel  faster  than  any  process  known  today.  Secondly,  and 
of  great  importance,  it  has  been  proven  that  quality  steels  can  be  produced  that  will  not 
only  be  just  as  low  in  phosphorus  and  sulfur  as  open  hearth  steels,  but  they  have  a 
lower  nitrogen  content,  which  is  an  advantage  in  deep  drawing  steels  such  as  sheet, 
strip,  and  wire. 

In  the  United  States  and  Canada  the  term  "basic  oxygen  steelmaking"  is  used  to 
describe  a  process  in  which  molten  pig  iron  is  refined  to  steel,  under  a  basic  slag  in  a 
cylindrical  furnace  lined  with  basic  refractories,  by  directing  a  jet  of  high-purity  gaseous 
oxygen  onto  the  surface  of  the  hot  metal  bath.  In  other  words,  the  process  is  a  top- 
blown  modification  of  the  pneumatic  converter  invented  by  Bessemer  of  England  and 
Kelly  of  the  United  States.  The  bottom  blown  bessemer  had  its  faults.  For  example,  it 
could  not  remove  phosphorus  or  sulfur  to  the  lower  levels  below  0.05  percent,  and  the 
air  used  contained  large  quantities  of  nitrogen,  thus  raising  the  amount  contained  in  the 
steel  and  thereby  making  the  steel  undesirable  for  certain  applications. 

History 

The  idea  of  using  pure  oxygen  in  iron  and  steelmaking  is  not  new,  having  been 
envisioned  by  Henry  Bessemer  back  in  1856.  The  utilization  of  pure  oxygen  on  a  pro- 
duction scale  was  not  economically  feasible,  however,  until  around  1931.  At  that  time 
low-cost  tonnage  oxygen  was  made  possible  by  simplifying  the  process  of  producing 
metallurgical  oxygen  by  liquification  and  fractionation  of  air,  through  the  development 
of  thermodynamically  efficient  regenerators. 

The  early  development  work  from  which  the  present-day  pure  oxygen  steelmaking 
process  emerged  dates  back  to  before  World  War  II  in  Germany.  Experiments  were 
discontinued  during  the  war  and  resumed  in  1949  in  Austria,  Germany  and  Switzerland 
when  pilot-plant  work  was  conducted  using  pure  oxygen  as  the  refining  agent.  This 
work  bore  out  that  bottom-blown  vessels  were  not  suitable  for  working  with  high-purity 
oxygen  for  the  reason  that  the  high  operating  temperatures  caused  rapid  destruction  of 
the  refractory  tuyere  bottom.  As  a  result,  pressurized  oxygen  was  blown  downward 
against  the  top  surface  of  the  molten  metal  bath.  The  kinetic  energy  of  the  high-velocity 
gas  stream  enabled  it  to  penetrate  the  molten  metal,  creating  the  chemical  reactions 
necessary  to  convert  it  to  steel.  Prototype  units  were  built,  and  these  produced  such 
favorable  results  that  by  1953  full-scale  producing  plants — 30-ton  vessels — were  built 
at  Linz  and  Donawitz  in  Austria.  The  production  and  quality  of  the  steel  from  these 
plants  surpassed  expectations.  These  developments  led  to  the  erection  in  1954  and  1955 
of  production  plants  in  Canada  and  the  United  States. 

Furnace   Operation 

The  basic  oxygen  process  as  practiced  in  the  United  States  today  is  carried  out  in  a 
cylindrical,  basic-lined  furnace  either  eccentric  or  concentric  in  design.  The  sizes  of  fur- 
naces may  range  from  60  up  to  300  tons.  (Fig.  1.)  The  furnace  is  charged  with  scrap 
in  amounts  between  25  and  35  percent;  the  balance  of  the  metallic  charge  is  made  up  of 
molten  blast  furnace  iron.  (Figs.  2  and  3,  4  and  5.)  After  these  materials  are  charged, 
the  furnace  is  rotated  to  an  upright  position,  and  a  retractable,  water-cooled,  copper- 
tipped  oxygen  lance  is  lowered  to  a  predetermined  height  directly  above  the  surface  of 
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the   bath.   Pure  oxygen   gas  emerges  from  the  jet   nozzle  at  a  predetermined,  regulated 
pressure  of  from  60  to  80  psi  at  the  lance  header. 

Shortly  after  ignition  of  the  oxygen  gas,  slag-forming  fluxes,  such  as  burned  lime 
and  fluorspar,  in  weighed  amounts  from  an  overhead  storage  system,  are  added  through 
an  inclined  gravity  chute  built  into  the  side  of  a  water-cooled  smoke  hood  that  covers 
the  furnace.  (Fig.  6.)  The  oxygen  impinging  on  the  surface  of  the  liquid  bath  immedi- 
ately starts  reactions  which  lead  to  the  formation  of  iron  oxide.  This  iron  oxide  dis- 
perses rapidly  throughout  the  bath.  In  turn,  carbon  monoxide  is  evolved  which  promotes 
a  vigorous  stirring  action  and  accelerates  the  refining  metallurgical  reactions.  (Fig.  7.) 
Due  to  the  high  temperature  attained  beneath  the  oxygen  jet,  a  fluid  reactive  slag 
is  formed  early  in  the  process  which  assures  efficient  removal  of  phosphorus  and  sulfur. 
(Fig.  8.)  Tapping  temperatures  are  controlled  by  adjusting  the  molten-iron-to-scrap 
ratio  and  measured  by  an  immersion  thermocouple.  At  the  end  of  the  blow,  the  furnace 
is  turned  down,  and  a  steel  sample  test  for  chemical  analysis  and  the  bath  temperature 
are  taken.  (Fig.  9,  10  and  11.)  Blowing  time  varies  from  20  to  25  min  depending  on 
the  end  point  carbon.  A  100-ton  furnace  can  produce  steel  at  an  average  of  95  tons  per 
hour  tap  to  tap.  The  furnace  is  operated  from  a  centralized  control  pulpit.  (Figs.  12 
and  13.) 

Chemistry 

In  respect  to  its  essential  chemical  composition  and  metallurgical  characteristics, 
steel  made  by  the  basic  oxygen  process  is  quite  similar  to  basic  open  hearth  steel  of 
the  same  grade.  The  differences  between  the  two  processes  lie  chiefly  in  the  design  of  the 
furnace  employed  and  in  the  relative  extent  to  which  high-purity  manufactured  o.xygen 
is  used  as  a  refining  agent. 

(Text  continued  on  page  876) 


¥\g.   1 — Top   inside   view  of   furnace. 


Rail 


Fig.  2 — Scrap   in  charging  box. 


Fig.   3 — Weighing   molten  pig   iron. 
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Fig.  4 — Charging   scrap. 
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Fig.   5 — Charging  molten  pig  iron. 
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Fig.  6 — Belt  conveyor  for  charging  fluxes. 
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Fig.    7 — Full   oxygen  blow. 
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Fig.  8 — Slag  flush. 


Fig.  9 — Taking  steel  sample. 
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Fig.  10 — Pouring  sample  for  steel  chemical  test. 


Fig.   11 — Taking  steel  bath  temperature. 
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Fig.    12 — Tapping   the   heat   of   steel. 


LL 


Fig.    13 — Control   room. 
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The  use  of  pure  oxygen  injection  for  refining,  however,  in  no  way  alters  the  basic 
chemical  reactions  and  equilibria  involved  in  steelmaking — it  is  only  the  rates  of  the 
reactions  which  are  changed.  The  reactions  of  the  greatest  importance  are  those  pertain- 
ing to  the  elements  carbon,  manganese,  phosphorus,  sulfur,  silicon,  nitrogen,  and  oxygen. 

Application  and  Tests 

In  a  wide  variety  of  applications,  including  welded  and  seamless  tubular  products, 
wire  products,  tin  plate,  hot  and  cold  rolled  sheets,  plates,  structurals,  and  bar  products, 
basic  oxygen  steel  has  proven  itself  to  be  equivalent  in  quality  to  basic  open  hearth 
steel  of  similar  chemical  analysis. 

Regarding  the  application  of  basic  oxygen  steels  for  carbon  and  high-silicon  rails 
and  related  track  accessories  such  as  spikes,  tie  plates,  track  bolts,  and  joint  bars,  there 
is  no  question  but  that  their  performance  is  equal  to  basic  open  hearth  steels. 

RolUng-load  tests  conducted  at  the  University  of  Illinois  on  basic  oxygen  steel  rail 
samples  taken  from  various  rail  sections  rolled  at  The  Colorado  Fuel  and  Iron  Corpora- 
tion and  the  Algoma  Steel  Corp.  ran  an  equivalent  number  of  cycles  before  gage  corner 
shelling  developed  in  comparison  with  basic  open  hearth  steel  rails. 

Deflection  rolling-load  and  bend  tests  were  also  conducted  on  basic  oxygen  steel 
welded  rail  samples.  These  too,  gave  an  equivalent  number  of  cycles  before  failure  in 
comparison  with  previous  open  hearth  tests. 

Other  rolling-load  tests  were  conducted  on  rail  joint  bars  rolled  and  fabricated  from 
basic  oxygen  steel.  Results  of  mechanical  properties  and  rolling-load  tests  showed  com- 
parative results  with  open  hearth  steel. 

Comparative  mechanical  property  tests  of  basic  oxygen  and  open  hearth  heat- 
treated  carbon  steel  track  bolts  were  made,  and  these,  too,  showed  no  difference.  Both 
steels  met  the  AREA  specification  requirements. 

Results  of  all  of  the  above  tests  have  been  published  in  recent  AREA  Proceedings 
and  AAR  reports. 

During  1962  and  1963  the  accumulative  tonnages  of  rails  and  track  accessories  pro- 
duced at  the  only  plant  in  the  United  States  producing  rail  from  basic  oxygen  steel 
were  as  follows:    (The  percentage  figures  represent  percentage  of  total  tons  produced.) 

Rails— 130,000    tons    of    carbon    steel    and    16,000   tons    of    high-silicon    steel    (88 

percent. 
Joint  Bars— 2,000  tons  (30  percent). 
Track  Bolts— 600  tons  (25  percent). 
Tie  Plates — 40,000  tons  (90  percent). 
Track  Spikes— 8,000  tons  (90  percent).  ^ 

In  Canada  8,000  tons  of  rail  have  been  produced  from  basic  oxygen  steel. 

In  the  United  States  basic  oxygen  steel  rails  have  been  handled  in  the  same  manner 
as  open  hearth  steel  rails  insofar  as  continuous  welding  practices  and  track  laying  are 
concerned.  Recently  observations  were  made  of  welded  and  bolted  test  rails  installed  in 
1961  prior  to  the  rolling  of  the  above-mentioned  rail  tonnages.  These  tests,  comprising 
both  basic  oxygen  and  open  hearth  carbon  and  high-silicon  new  rails,  were  installed  on 
heavy  tonnage,  high-speed  tangent  track  and  heavy  curve  territory.  There  was  no  sig- 
nificant difference  in  contour  wear  rates  after  67  to  83  million  tons  of  traffic;  also,  no 
head  or  internal  defects  were  detected. 

On  the  basis  of  the  tests  conducted,  both  in  the  laboratory  and  in  service,  and  the 
requirements   of   the   AREA   specifications,   which    the.se   rail   and   track   accessories   must 
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meet,  there  should  be  no  apprehension  in  the  use  of  this  steel  in  rails  and  track  acces- 
sories. Basic  oxygen  steel  has  been  approved,  in  addition  to  corresponding  open  hearth 
steel  grade  applications,  by  AREA,  ASTM,  API,  and  other  international  specification 
agencies. 

Conclusion 

A  great  deal  of  interest  has  been  displayed  in  the  performance  of  this  process  to 
date  and  in  its  future  growth  and  development.  The  millions  of  tons  of  steel  that  have 
been  produced  and  the  constantly  increasing  tonnages  are  evidence  that  basic  oxygen 
steelmaking  is  firmly  ba.sed  on  sound  metallurgical  practices.  Without  a  doubt,  it  pre- 
sents a  stimulating  challenge  to  our  mental  processes  to  expedite  contemplated  improve- 
ments, particularly  in  this  .space  age  where  solution  of  our  earthly  problems  are  impor- 
tant  phases  in  the  progress  and   prosperity  of  our  country.    (.'\iii)!ausel 


Chairman  Cruse:  On  behalf  of  the  Rail  committee  and  the  Association  I  want  to 
thank  you,  Mr.  Zadra,  for  your  very  informative  talk. 

Mr.  President,  this  concludes  the  report  of  Committee  4  and  also  my  term  as  chair- 
man of  this  committee.  I  would  like  at  this  time  to  express  my  personal  thanks  to  all 
members  of  the  committee  and  to  the  chairman  of  each  subcommittee  for  their  support 
and  assistance,  without  which  the  work  of  this  committee  could  not  have  progressed.  I 
also  wish  to  thank  the  officers  of  the  As.sociation,  the  executive  secretary,  and  the  staff. 

It  is  my  pleasure  to  present  to  you  and  to  the  Association  the  new  officers  of  Com- 
mittee 4: 

C.  E.  Morgan,  superintendent  track  welding,  Chicago,  Milwaukee,  St.  Paul  &  Pa- 
cific Railroad,  our  new  secretary. 

Next,  T.  B.  Hutchc.son,  chief  engineer,  Seaboard  .■\ir  Line  Railroad,  our  new  vice 
chairman. 

Last,  J.  A.  Bunjer,  chief  engineer,  Union  Pacific  Railroad,  who  will  be  our  new 
chairman.  I  am  sorry  he  could  not  be  here  today. 

Mr.  President,  this  concludes  my  report. 

President  Logc.ins:  Thank  you,  Mr.  Cruse,  and  your  committee  for  these  addi- 
tional reports.  Your  committee  deals  with  one  cf  the  most  important  elements  of  our 
track  structure,  every  a.spect  of  which  needs  constant  investigation  and  study  in  the  in- 
terest of  safety,  service  and  economy.  We  are  fortunate  to  have  a  committee  such  as 
yours  on  which  we  can  rely  to  keep  us  abreast  in  this  field. 

And  thank  you,  Mr.  Zadra.  fcr  further  enlightening  us  with  respect  to  this  out- 
standing development  in  steelmaking. 

Mr.  Cruse,  as  of  the  end  of  this  convention  (which  is  not  far  away)  your  name 
will  be  added  to  the  long  list  of  exceptionally  capable  men  who  have  directed  the  work 
of  our  Rail  committee.  We  thank  you  for  the  contribution  which  you  have  made  to  this 
work  during  the  past  three  years. 

We  are  glad  to  welcome  Mr.  Morgan  as  the  new  secretary  of  Committee  4.  We  are 
also  happy  to  welcome  Mr.  Bunjer  as  the  new  chairman  and  are  sorry  he  could  not  be 
here  today.  We  also  welcome  Mr.  Hutcheson  as  the  new  vice  chairman  of  Committee  4 
knowing  that  under  the  direction  of  these  men  the  work  of  the  committee  will  he  in 
good  hands  for  the  next  three  years. 

I  had  hoped  at  this  time  to  be  able  to  present  to  Mr.  Bunjer  the  chairman's  gavel, 
on  which  is  inscribed.  "Mr.  J.  A.  Bunjer,  Chairman,  AREA  Committee  4.  1964-1966." 
In  his  absence  we  .shall  see  that  it  is  .sent  to  him. 
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Mr.  Cruse,  you  and  your  committee  are  now  excused  with  the  thanivs  of  the  As- 
sociation. [Applause] 

[Vice  President  Burris  assumed  the  chair.] 

Discussion  on  Track 

[For  report,  .sec   Bulletin   584,   pages  51 1-518] 

Vice  President  Burris:  Next  we  should  like  to  hear  from  our  Committee  S — Track, 
the  chairman  of  which  is  J.  M.  Salmon,  Jr.,  chief  engineer,  Clinchfield  Railroad,  at 
Erwin,  Tenn.  Mr.  Salmon,  please  brinp  your  committee  up  here  as  quickly  as  possible, 
but  be  careful  in  neRotiatinp;  those  curves  at  the  ends  of  our  speaker's  table,  which  I  am 
sure  are  not  properly  spiraled. 

Mr.  Salmon,  you  may  take  over. 

Chairman  J.  M.  Salmon:   Mr.  Vice  President,  members  and  guests: 

The  report  of  the  Track  committee  will  be  found  in  Bulletin  584,  of  February 
1964,  which  covers  our  12  assignments. 

Throughout  the  years  Committee  5  has  carried  on  a  large  number  of  assignments 
which  have  resulted  in  Manual  revisions  and  publication  of  information.  Much  of  our 
current  work  is  tied  into  and  is  absolutely  dependent  upon  the  AAR  Research  Depart- 
ment's facilities  and  staff.  Unfortunately,  your  committee  found  itself  in  1963  a  victim 
of  reduced  research  funds,  having  a  number  of  assignments  which,  while  scheduled  for 
completion  at  this  meeting,  must  be  continued  into  1964. 

Our  committee  is  continuing  to  progress  all  old  assignments  and,  in  addition,  is 
working  on  new  assignments. 

While  Committee  5  has  had  a  long  and  pleasant  relationship  with  the  AAR  research 
staff,  one  member  of  that  staff  in  particular  has  consulted,  guided  and  directed  the 
majority  of  our  assignments.  He  was  always  in  attendance  at  committee  meetings,  and 
his  long  and  valued  service  is  sincerely  appreciated  and  will  be  missed. 

It  is  with  sadness  that  I  must  announce  that  our  good  friend  and  fellow  worker, 
Harry  Durham,  research  engineer  track,  AAR,  retired  from  service  on  February  29. 
Harry  has  many  friends  in  AREA,  particularly  in  Committee  5 ;  and  while  we  shall  miss 
him  and  his  work,  we  sincerely  wish  him  happiness,  health  and  long  life  in  his  retirement. 

Ken  Schoeneberg,  chief  engineer,  Akron,  Canton  &  Youngstown  Railroad,  has  been 
employed  to  succeed  Mr.  Durham,  effective  April  1.  Committee  5  welcomes  Mr. 
Schoeneberg  to  this  new  assignment.  In  addition  to  the  work  he  may  carry  on  for  Com- 
mittee 5,  he  will  be  available  for  other  assignments  which  Mr.  Magee  may  give  him. 

In  no  way  to  detract  from  any  subcommittee  chairman  or  the  work  of  his  com- 
mittee, but  to  conserve  time  and  to  be  able  to  have  both  a  question  and  answer  period 
as  well  as  a  special  feature,  I  shall  give  the  report  for  Committee  S. 

In  order  that  you  may  direct  your  questions  to  the  proper  subcommittee  chairman 
and  give  recognition  to  these  men,  they  and  their  assignments  are: 

Assignment  1 — R.    J.    Hollingsworth,    engineer    roadway,    track    and    equipment, 

Baltimore  &  Ohio. 
Assignment  2 — T.  L.  Biggar,  general  supervisor  of  track,  Chesapeake  &  Ohio. 
Assignment  3 — C.  J.  McConaughy,  track  designer.  Southern  Pacific. 
Assignment  4 — L.  W.  Green,  resident  engineer,  Pennsylvania. 
Assignment  5 — L.  A.  Pelton,  district  engineer,  Pennsylvania. 
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Assignment  6 — E.  C.  Honath,  cnninccr  of  track  dcsiKn,  Santa  Fc. 
Assignment  7 — R.  G.  Garland,  assistant  division  engineer.  Santa  Fe. 
Assignment  8 — S.  H.  Poore,  office  engineer,  Chesapeake  &  Ohio. 
Assignment  o — R.  E.  Tew,  assistant  to  chief  engineer,  Seaboard  Air  Line. 
Assignment   10 — H.   VV.  Jensen,   maintenance  engineer,  Chicago  &  North   Western. 
Assignment  11 — A.  B.  Hillman,  Jr.,  chief  engineer,  Belt  Railway  of  Chicago. 
Assignment  12 — G.  R.  Sproles,  assistant  chief  engineer,  Louisville  &  Nashville. 

Gentlemen,  you  have  my  sincere  thanks  for  a  job  well  done. 

Assignment  1 — Revision   of  Manual 

Chairman  Salmon:  We  are  pleased  to  join  Committee  4 — Rail  in  co-spon.soring 
the  definition  of  basic-oxygen  steel.  Our  report  on  Assignment  1  also  calls  your  attention 
to  a  typographical  error  in  the  Manual,  page  5-1-.3. 

Assignment  2 — Track  Tools,  Collaborating  with  Purchases  and  Stores 
Division,  AAR 

Chairman  Salmon:  While  track  tools  are  progressively  playing  a  lesser  part  in  track 
maintenance  because  of  increased  mechanization,  your  committee,  in  attempting  to  keep 
such  tools  abreast  of  the  times,  expects  to  present  in  1^6$  for  your  con.sideration  and 
adoption  a  snap-on  track  wrench,  a  newly  designed  aluminum  track  jack  housing,  and 
an  aluminum  track  level  and  gage. 

Assignment  J — Standardization  of   Trackwork  Plans 

Chairman  Salmon:  In  keeping  with  the  decision  to  keep  up  to  date  the  plans  in 
back  of  the  blue  divider  sheet  in  the  Portfolio  of  Trackwork  Plans  that  separates  the 
"Standard"  plans  from  the  others,  your  committee  submits  for  adoption  the  following 
recommendations  with  respect  to  Plan  No.  251-55,  Switch  Stands  and  Appurtenances. 

[Mr.  Salmon  then  read  the  recommendations  for  revising  this  plan  as  printed  on 
page  514  of  Bulletin  584.  concluding  as  follows:] 

Chairman  Salmon:   Mr.  President,  I  move  that  these  changes  be  adopted. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  4 — Prevention  of  Damage  Resulting  from  Brine  Drippings 
on  Track  and  Structures,  Collaborating  with  Committee  15  and  Mechanical 
Division,  AAR 

Chairman  Salmon:  This  is  an  assignment  which  has  been  dormant  from  lack  of 
funds  since  1961.  Final  report  and  recommendations  must  of  necessity  await  further 
research  funds. 

Assignment  5 — Tie  Plates,  Collaborating  with  Committees  J  and  4 

Chairman  Salmon:  The  field  inspection  of  the  Pennsylvania  Railroad  lest  on  rub- 
ber abrasion  plates,  while  made  in  1963,  did  not  produce  sufficient  data  to  make  a  report 
at  this  time. 

Assignment  6 — Hold-Down  Fastenings  for  Tie  Plates,  Including  Pads 
Under  Plates;  Their  Effect  on  Tie  Wear,  Collaborating  with  Committee  3 

Chairman  Salmon:  This  assignment  was  completed  with  the  last  field  in.speclion. 
However,   lack   of   funds  has  delaved  evaluation   of   the  data  obtained   bv   the   research 
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staff.  Your  committee  feels  that  definite  recommendations  can  and  will  be  made  in  1965 
which  will  be  of  benefit  to  the  Association. 

Conditions  and  funds  were  such  that  no  report  can  be  made  on  Assignments  7,  8 
and  10. 

Assignment  9 — Critical  Review  of  the  Subject  of  Speed  on  Curves  as 
Affected  by  Present-Day  Equipment 

Chairman  Salmon:  Considerable  work  and  planning,  not  only  by  your  committee 
but  also  by  the  AAR  research  staff,  the  Pennsylvania  Railroad  and  the  -AAR  Joint  Com- 
mittee on  Relation  Between  Track  and  Equipment,  has  gone  into  this  a.ssignment.  An 
analysis  has  been  published  in  an  AAR  Research  Report  (ER-37).  Due  to  the  lateness 
of  the  report  your  committee  was  unable  to  bring  any  recommendations  to  you  at  this 
Annual  Meeting. 

Such  revisions  in  present  Manual  material  as  may  be  desirable  will  be  presented  at 
the  1965  Annual  Meeting.  Any  questions  or  discussion  which  you  may  have  are 
requested  to  be  withheld  until  after  review  by  a  recognized  authority  who  will  be  intro- 
duced following  our  report. 

Assignment  11 — Practicability  of  Using  Reflex  Units  for  Switcli  Lamps 
and   Targets 

Chairman  Salmon:  This  assignment  as  so  far  progressed  is  basically  a  review  of 
state  codes  restricting  the  use  of  such  materials  in  lieu  of  switch  lamps  from  1942  to 
date.  However,  information  will  be  developed  which  will  be  of  benefit,  and  your  com- 
mittee hopes,  will  be  Manual  material. 

Assignment  12 — Procedure  and  Specifications  for,  and  Economies  to  be 
Derived  from.  Building   Track  by  Panel  Mettiod 

Chairman  Salmon:  This  is  a  new  assignment  with  many  phases,  methods  and 
procedures. 

Subcommittee  12  was  organized  in  the  spring  of  1963  and  held  its  first  meeting  on 
December  10  on  the  Louisville  &  Nashville  at  DeCoursey  Yard,  near  Covington,  Ky.  At 
this  yard,  where  an  ll^X  million  dollar  expansion  and  improvement  program  has  been 
under  way  for  the  past  three  years,  there  are  fabricating  sites  for  paneling  track  and 
No.  8  turnouts. 

The  attending  members  of  the  subcommittee  were  taken  to  the  construction  site  to 
observe  the  work  in  progress.  L&N  supervisory  employees  were  on  hand  to  answer 
questions  on  methods  and  procedure  of  performing  the  work.  Track  panels  were  being 
assembled  four  at  a  time  and  at  an  average  rate  of  38  per  day.  The  panels  were  stock- 
piled in  the  plant  area  and,  therefore,  laying  procedures  were  not  observed. 

After  lunch  the  committee  was  again  convened  for  a  discussion  of  costs,  which 
proved  to  be  inconclusive.  Further  study  will  give  better  average  figures,  and  it  is  hoped 
that  those  railroads  constructing  track  and  turnouts  by  the  panel  method  will  make 
cost  data  available  to  the  subcommittee. 


Chairman  Salmon:  It  now  gives  me  a  great  deal  of  pleasure  to  present  to  you 
our  special  feature,  a  review  of  Report  ER-37  by  a  man  whom  all  of  you  know  and 
respect,  and  one  who  has  held  many  offices  in  the  Association,  including  the  high  office 
of  president. 
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Our  speaker  is  a  man  of  tall  stature,  not  only  physically  but  mentally.  He  is  a  na- 
tive of  Wisconsin  and  a  graduate  of  Carnegie  Institute  of  Technology  with  the  degrees 
of  BS  in  CE,  and  CE.  Except  for  one  month  with  the  Union  Railroad,  his  entire  career 
has  been  with  the  Pennsylvania  Railroad,  where  he  now  holds  the  position  of  assistant 
chief  engineer — staff.  He  is  active  in  the  AREA,  ASTM,  AAR  and  the  Society  of  Ex- 
perimental Stress  Analysis. 

It  gives  me  great  pleasure  to  bring  to  you  Charles  J.  Cede,  who  will  bring  to  us 
"Length  of  Transition  Spirals — A  Review  of  Research  Report  ER-37."  Mr.  Code. 

Length   of   Transition   Spirals — A   Review   of   Research 

Report  ER-37 

By  C.  J.  CODE 

Assistant   Chief   Engineer — Staff,   Pennsylvania   Railroad 

Most  of  us,  I  think,  are  reasonably  well  satisfied  with  the  methods  used  on  our  own 
properties  for  determining  the  length  of  the  spiral  on  curves.  Lengths  of  spirals  have 
been  determined  either  by  the  AREA  formula,  or  by  some  rule  of  thumb  based  on  ex- 
perience. No  doubt,  the  results  obtained  with  the  AREA  formula,  or  the  locally  accept- 
able rule  of  thumb,  have  been  modified  from  time  to  time — the  spiral  lengthened  if  it 
was  not  riding  well,  or  in  some  cases  made  .shorter  than  called  for  by  formula,  if  local 
circumstances  and  local  experience  dictated.  The  lengths  of  spirals  on  existing  lines  are 
thus  a  growth  or  development  in  most  cases. 

When  we  have  been  called  upon  to  design  line  changes,  or  to  design  for  higher 
speed,  I  think  most  of  us  have  fallen  back  on  the  AREA  formula  L  =  1.17  £1'  and 
have  obtained  thereby  satisfactory  results. 

It  must  be  recognized  that  on  light  curves,  say  from  zero  up  to  1  deg  or  1  deg  .^0 
min,  if  you  use  full  3  in  unbalance,  the  present  .\RE.\  formula  will  give  you  too  short  a 
spiral,  because  of  the  low  elevation.  On  the  other  hand,  if  in  the  lighter  curves  where 
holding  the  elevation  down  is  not  a  critical  matter,  you  use  say  ly^  in  unbalance,  your 
elevation  by  the  present  formula  will  give  you  a  spiral  of  reasonable  length. 

With  the  proposed  formula  you  may  find,  on  the  other  hand,  on  light  curves  with 
full  3  in  unbalance,  that  you  may  have  as  much  as  366  ft  in  which  to  run  out  K*  '"•  in 
elevation,  which  gets  to  be  somewhat  impractical.  In  this  case,  I  think  I  would  use  a 
little  more  elevation,  and  a  little  less  unbalance  to  give  myself  a  rea.sonablc  rate  of  run- 
off. There  are  other  ways  of  getting  around  this,  and  it  is  obvious  that  a  little  hor<e 
sense  must  be  used  in  applying  the  new  formula  as  well  as  the  old. 

Most  of  us  have  been  concerned,  I  think,  more  with  the  rate  of  change  of  super- 
relation  than  with  the  rate  of  change  of  curvature,  and  our  rules,  including  the  .•\RE.\ 
formula,  have  been  ba.sed  on  this  principle.  On  our  own  road,  we  require  a  rate  of 
change  of  not  more  than  a  K'  •"•  •"  -^1  ft  up  to  .SO  mph,  not  more  than  '«  in  from 
50  to  70  mph,  and  J4  '"  fo""  over  70.  This  again  has  given  satisfactory  results  up  to  100 
mph,  as  long  as  the  spiral  or  the  "run-off"  of  ( iirvatiirc  rorresjmndcil  rr:isnii:il)K  well 
with  the  run-off  of  elevation. 

In  many  cases  on  existing  lines  laid  out  60  to  100  years  ago,  no  true  tran-it  spirals 
were  built  into  the  curves,  and  such  spirals  as  exist  have  in  such  ca.ses  been  more  or  less 
painfully  worked  in  over  a  period  of  years  by  the  string-line  method,  gradually  afljust- 
ing  the  ordinates  until  you  fmally  arrive  at  a  "run-off"  of  ordinales  that  fits  the  re- 
quired  length   of   run-off  of  elevation.  On   lines  where   mainlenanee  lining  was  done  by 
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transit,  the  engineer  corps  has  worked  in  such  spirals  as  they  could  without  requiring 
excessive  throws.  In  some  cases  this  has  been  done  very  successfully,  but  in  others  the 
results  leave  something  to  be  desired.  In  some  cases,  as  for  instance  on  the  western 
roads,  when  the  diesel-hauled  streamliners  came  into  being,  and  on  our  own  road  be- 
tween New  York  and  Washington  when  electrification  increased  passenger-train  speeds, 
there  have  been  elaborate  and  rather  expensive  revisions  of  line  to  introduce  spirals  of 
adequate  length,  all  with  good  results  as  far  as  I  know. 

Thus,  with  the  existing  methods  and  formulas,  applied  with  a  little  common  sense, 
spirals  of  adequate  length  have  been  obtained  where  the  work  was  carefully  done.  There 
still  exist  situations  where  a  road  has  not  seen  tit  to  reline  curves  to  provide  spirals  of 
desirable  length,  and  where  the  elevation  runs  out  on  the  tangent,  and  this  is  bound  to 
produce  an  undesirable  sensation  on  entering  the  curve.  An  example  of  this  is  giv'en  in 
the  report. 

Our  line  between  Harrisburg  and  Philadelphia  was  adjusted  at  the  time  of  electrifi- 
cation for  80  mph  operation,  with  the  exception  of  certain  restricted  curves.  This  was 
done  on  the  basis  that  the  authorized  speed  was  not  to  exceed  90  percent  of  the  com- 
fortable speed,  or  the  speed  with  3  in  unbalance.  This  produces  in  effect  a  speed  with 
about  2  in  unbalance. 

In  the  days  of  the  "lightweight"  trains — the  Aero  Train,  and  our  tubular,  low  cen- 
ter of  gravity  train — we  operated  such  trains  in  this  territory  both  in  test  and  in  regular 
service  at  a  maximum  speed  of  100  mph  and  ran  the  curves  at  full  3  in  unbalance.  In 
all  but  a  few  cases  the  spirals  were  found  to  be  adequate  for  such  speed,  and  in  those 
cases  the  speeds  were  reduced  until  the  length  of  spiral  could  be  adjusted.  Conse- 
quently, we  were  in  a  position  to  run  the  AAR  test  in  1962  without  further  adjustment 
of  spirals.  That  our  procedure  had  been  reasonably  satisfactory  is  demonstrated  by  the 
test  runs  as  set  forth  in  report  ER-37,  in  which  it  is  stated  that  "only  relatively  low 
values  of  the  ride  index  were  obtained  in  most  cases."  This  is  attributed  in  part  to  the 
"relatively  long  spirals,"  and  in  part  to  the  low  roll  angle  of  the  P85h  coach,  and  I 
might  say  that  we  had  that  in  mind  when  we  chose  that  ccach  for  the  tests.  We  have 
some  coaches  for  which  we  would  not  have  authorized  such  speeds  because  of  their 
higher  center  of  gravity  and  otherwise  undesirable  characteristics  for  such  purposes.  At- 
tention is  called  in  the  report  to  a  couple  of  curves  which  showed  uncomfortable  riding 
due  to  minor  track  irregularities  which  were  verified  on  the  ground,  and  to  another 
curve  which  showed  up  with  the  elevation  run  out  on  the  tangent.  These  are  both  readily 
understandable  conditions,  since  no  effort  was  made  to  make  any  special  adjustments  of 
line  and  surface  for  these  test  runs. 

The  report  under  discussion  introduces  a  different  principle  into  the  calculation  of 
the  length  of  spirals  which  seems  to  me  to  be  entirely  sound.  I  was  going  to  say  a 
"new"  principle,  but  it  is  not  entirely  new  since  it  had  been  proposed  before,  and  has 
been  used  by  others.  It  was  proposed  to  the  AREA  in  the  report  on  "Ride  Comfort  on 
Curved  Track,"  published  in  1954,  but  the  method  of  applying  it  has  been  modified 
somewhat  in  the  current  report.  This  is  the  principle  that  the  lateral  acceleration  should 
vary  uniformly  from  zero  on  the  tangent  to  a  maximum  on  the  full  curve,  and  that  the 
rate  of  change  of  lateral  acceleration  should  be  limited  rather  than  limiting  the  rate  of 
change  of  elevation,  except  where  this  must  be  done  for  other  reasons. 

To  me,  the  use  of  the  term  "acceleration"  in  this  situation  is  somewhat  confusing, 
and  I  think  it  is  to  anyone  who  is  not  constantly  thinking  in  the  terms  and  language 
of  analytical  mechanics.  I  am  further  confused  when  they  start  talking  about  such  and 
such  a  number  of  tenths  or  hundreds  of  "g".  I  think  we  can  wipe  away  this  confusion 


Address    of    C.    J  .    Code 883 

by  remembering  that  when  they  talk  about  lateral  acceleration,  they  mean  centrifugal 
force,  and  when  they  say  it  is  0.10  g,  they  mean  that  your  body  is  acted  on  by  a  force 
of  0.10  times  its  own  weight.  So  if  you  are  rounding  a  curve  where  the  unbalanced  lat- 
eral acceleration  is  0.10  g,  you  are  being  pushed  sideways  with  a  force  of  0.10  your 
weight,  or  if  you  weigh  180  pounds,  with  a  force  of  18  lb. 

Now,  if  you  weigh  180  lb  and  someone  pushes  you  sideways  suddenly  with  a  force 
of  18  lb,  you  are  going  to  feel  it,  and  it  is  going  to  be  uncomfortable.  On  the  other 
hand,  if  they  start  the  push  with  a  force  of  zero,  and  build  it  up  over  2^  to  3  sec  to 
18  lb,  you  are  going  to  adjust  yourself  to  it,  brace  yourself  against  it,  or  lean  into  it, 
and  you  will  find  it  barely  noticeable.  This  force  incidentally  is  applied  at  your  center 
of  gravity,  and  if  you  want  to  find  out  where  your  center  of  gravity  is,  try  lying 
across  a  chair  and,  of  course,  your  balance  point  will  be  your  center  of  gravity.  You 
will  find  it  somewhere  around  your  hips.  Now  I  know  there  are  many  among  you  for 
whom  this  simplification  is  unnecessary,  but  I  e.xpect  there  are  many  who,  like  myself, 
find  this  acceleration  business  a  bit  confusing. 

Having  established  that  what  we  want  is  a  uniform  increase  in  unbalanced  lateral 
acceleration,  sr  in  unbalanced  centrifugal  force,  and  by  previous  study,  that  the  maxi- 
mum centrifugal  force  shall  be  0.10  times  our  weight,  or  in  mechanical  shorthand 
0.10  g,  it  is  necessary  to  determine  how  fast  we  can  comfortably  absorb  this  push.  This 
seems  to  be  between  0.03  and  0.04  g  per  sec. 

Looking  at  Fig.  10  in  the  report,  for  entering  spirals  on  the  Harrisburg-Philadelphia 
run,  we  find  that  the  average  line  of  the  reported  sensations  of  riders  crosses  the  1.5 
line,  or  the  center  of  the  perceptible  zone  at  about  0.043  g  per  sec,  and  that  it  reaches 
the  upper  limit  of  perceptible  and  the  lower  limit  of  "strongly  noticeable"  at  0.055  g 
per  second.  Disregarding  the  leaving  spirals  which  do  not  seem  to  be  so  critical,  and 
looking  at  the  Baltimore  run,  the  average  line  crosses  the  center  of  the  perceptible  zone 
at  0.035  g  per  sec,  and  the  upper  limit  of  perceptible  is  reached  at  0.043  g  per  sec. 

The  report  is  conservative  in  my  opinion  in  recommending  that  the  formula  for 
length  of  spirals  be  ba.sed  on  0.03  g  per  sec;  I  think  the  use  of  0.04  g  per  sec  can  well 
be  justified  for  equipment  of  the  type  used  for  this  test.  This  is  conceded  on  page  13  of 
the  report  in  which,  under  desirable  conditions  of  i)oth  track  and  cquii^nu-nt,  a  rate  of 
0.04  is  indicated  as  acceptable. 

Applying  the  rate  of  0.04  g  to  the  mathematical  formula  derived  for  the  length  of 
spiral  gives  a  formula  of  1.22  E„V  for  the  length  of  the  spiral,  as  against  1.63  £«F  if 
0.03  g  is  used.  With  the  1.22  E,.V  formula,  you  will  get  your  18  lb  push  in  2^2  sec.  £■ 
is  the  unbalanced  elevation. 

This  formula  has  to  be  u.sed  with  the  supplementary  formula  of  L  —  62  K„  in  order 
to  avoid  getting  too  steep  a  run-off  of  elevation  on  sharper  curves  at  low  speed  and 
thus  producing  a  warped  surface  which  might  be  conducive  to  derailment.  This  is  our 
old  Yz  in.  in  31  ft.  E„  is  the  actual  elevation. 

This  idea  of  unbalanced  centrifugal  force,  and  compen.'^ated  unl)alance<l  centrifugal 
force,  or  compen.satcd  unbalanced  acceleration,  may  need  some  explanation.  To  me,  the 
compensated  unbalanced  centrifugal  force  is  simply  the  coniptment  of  centrifugal  force 
applied  parallel  to  the  surface  of  the  car  floor.  At  equilibrium  speed,  centrifugal  force  is 
balanced  by  superelevation  to  the  point  that  the  resultant  of  weight  and  centrifugal 
force  is  applied  to  your  body  in  a  direction  perpendicular  to  the  floor,  and  you  don't 
feel  it.  With  6  in  unbalance,  or  with  3  in  unbalance  plus  about  3  deg  roll  angle,  the 
resultant  is  applied  to  your  body  at  such  an  angle  that  the  component  parallel  to  the 
floor  of  the  car  is  equal  to  0.10  g  or  0.10  times  your  weight.  Thus,  in  an  accurate  de- 
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termination  of  the  permissible  unbalance,  to  be  used  in  calculating  comfortable  speed,  it 
is  necessary  to  know  the  roll  angle  of  the  car. 

Sometimes,  an  exaggeration  or  an  extreme  case  is  useful  in  proving  a  point.  Many 
years  ago,  I  was  riding  the  rear  end  of  one  of  our  mail  trains,  and  in  climbing  a  grade 
I  noticed  that  the  engineer  was  exceeding  the  speed  limit.  I  timed  him  for  about  3  miles 
until  we  went  over  the  crest,  through  a  tunnel,  and  without  slackening  pace,  around 
an  8  deg  curve.  We  hit  the  curve  at  about  55  mph,  considerably  above  the  so-called 
"safe"  speed.  As  near  as  I  can  remember  we  had  4  in  elevation  in  that  curve,  and  it  was 
limited  to  30  mph.  I  was  standing  in  the  center  of  the  platform,  and  when  he  hit  the 
spiral,  I  did  a  quick  sidestep  and  came  up  against  the  vestibule  door.  Doing  a  little 
figuring,  I  find  that  I  was  subjected  to  a  lateral  acceleration  of  somewhere  around  0.25  g 
or  about  42  lb  force  parallel  to  the  fioor  of  the  car.  This  was  applied  at  the  rate  of 
upwards  of  0.10  g  per  sec,  and  I  am  prepared  to  admit  that  this  was  strongly 
perceptible. 

There  are  one  or  two  other  points  in  the  application  of  the  proposed  formulas:  It  is 
stated  on  page  13  that  application  of  the  proposed  formulas  to  spirals  between  com- 
pound curves  will  present  no  difficulties.  In  most  cases  the  two  parts  of  the  compound 
will  have  equal  unbalance  which  would  give  zero  length  of  spiral  with  the  EuV 
formula.  Obviously,  if  you  have  a  difference  in  elevation  you  will  have  to  apply  the 
EuV  formula. 

In  applying  the  formula  1.22  EuV  you  would  presumably  be  required  to  calculate 
the  unbalance  for  each  curve.  In  general,  if  you  know  that  your  policy  of  superelevation 
gives  you  a  uniform  unbalance  of  say  2  in,  you  can  use  this  figure  throughout  without 
undue  error.  If  on  the  other  hand  you  use  less  unbalance  on  light  curves  than  you  do 
on  sharp  ones,  you  will  have  to  allow  for  that,  or  you  will  get  excessive  lengths  on  the 
light  ones. 

I  think  the  principal  application  of  these  formulas  will  be  in  new  line  construction, 
reconstruction  of  existing  line  for  one  reason  or  another,  or  in  the  setting  up  of  higher 
speed  passenger  service.  I  have  found  good  use  for  it  already  myself  in  the  studies  we 
have  been  making  of  the  possibilities  between  New  York  and  Washington. 

I  would  recommend  that  the  Track  committee  give  serious  consideration  to  the 
adoption  of  the  formula  1.63  EuV  for  new  lines  or  for  other  situations  where  added 
length  of  spiral  is  not  a  handicap,  1.22  EuV  for  adjustment  of  existing  lines,  or  cases 
where  longer  spirals  will  be  expensive,  with  the  supplementary  requirement  that  the 
minimum  length  after  applying  the  above  formula  will  be  Z.  =  62  E„.   [Applause] 


[President  Loggins  resumed  the  chair.] 

Chairman  Salmon:  Mr.  President,  this  completes  the  presentation  of  the  report 
of  Committee  S. 

President  Loggins:  Thank  you,  Mr.  Salmon;  and  thank  you,  Mr.  Code,  your  Joint 
Committee,  and  your  railroad,  for  your  part  and  their  part  in  these  curve  ride  tests  on 
the  Pennsylvania.  I  am  sure  that  something  highly  worth  while  will  come  out  of  these 
tests,  as  well  as  out  of  the  other  investigations  under  way  by  Committee  5. 

And  I  want  to  express  the  appreciation  of  our  entire  Association  to  Mr.  Durham 
for  his  long  and  valuable  service  to  Committee  5  and  to  some  of  our  other  committees, 
and  wish  him  health  and  happiness  in  his  retirement.  The  AAR  research  staff  is  particu- 
larly fortunate,  I  am  sure,  in  securing  the  services  of  Mr.  Schoeneberg  to  carry  on  Mr. 
Durham's  work. 
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I  could  comment   further,  but  wc  must  move  on;  so  I   will  now  excuse  your  com- 
mittee with  the  thanks  of  the  Association.  [A])|)lause] 


Discussion  on  Continuous  Welded  Rail 

lF(ir  ri'ixirl,  see  Bulletin   584,  pages  609  649] 

Prksidknt  Locgins:  The  final  report  on  our  convention  program  is  to  be 
made  by  our  Special  Committee  on  Continuous  Welded  Rail,  the  chairman  of  which  is 
W.  J.  Jones,  engineer  maintenance  of  way — system,  Southern  Pacific  Company, 
at  San  Francisco. 

Jack,  if  you  will  bring  your  "rail  gang"  up  here,  you  can  start  laying — two  rails  at 
a  time,  I  hope,  in  view  of  the  lateness  of  the  hour.  Mr.  Jones,  you  may  open  the  track 
and  start  laying. 

Chairman  \V.  J.  Jones:   Mr.  President,  members  of  the  .^.s.sociation  and  guests: 

Our  committee's  report,  covering  work  on  six  assignments,  appears  in  Bulletin  584, 
Vol.  65,  pages  609  to  649,  incl. 

Assignment   1 — Fabrication 

Chairman  Jones:  A.  H.  Galbraith,  welding  engineer,  .Atchison,  Topeka  &  Santa  Fe, 
is  chairman  of  Subcommittee  1.  I  should  like  Mr.  Galbraith  to  stand  and  be  recognized. 

The  report  on  Assignment  1  is  presented  in  three  parts,  all  as  information.  Part  1 
is  a  progress  report  on  the  Committee's  continuous  efforts  to  develop  specifications  for 
fabricating  continuous  welded  rail.  This  committee  is  represented  on  a  Task  Committee 
from  Committee  4 — Rail.  The  Task  Committee  visited  the  five  rail-rolling  mills  in  the 
United  States  to  observe  the  rail  finishing  operations,  to  determine  how  they  affect  rail 
for  butt  welding.  The  Task  Committee  will  report  its  observations  to  Committee  4 — 
Rail,  and  to  the  Special  Committee  on  Continuous  Welded  Rail  for  further  study,  dis- 
cussions and  recommendations. 

Part  2  is  a  report  entitled,  "Investigation  of  Failures  of  Welded  Rails  at  the  Univer- 
sity of  Illinois,"  by  Professor  R.  E.  Cramer.  This  was  Professor  Cramer's  last  report  to 
your  committee  before  he  retired.  Owing  to  the  interest  and  \alue  of  such  studies,  they 
are  to  be  continued  at  the  AAR  Research  Center  and  will  l)e  reported  by  your 
committee. 

Part  3  is  the  first  of  such  reports  prepared  at  the  Research  Center  by  Kurt  Kan- 
nowski,  metallurgical  engineer.  Mr.  Kannowski's  report  extends  the  investigations  which 
were  conducted  by  Professor  Cramer,  and  covers  those  welded  rail  failures  reported  sub- 
sequent to  Mr.  Cramer's  retirement. 

.•\t  this  time  your  committee  publicly  acknowledges  the  wonderful  a.ssistance  given  to 
the  committee  by  these  two  gentlemen,  and  expresses  appreciation  to  Professor  Cramer 
and  Mr.  Kannowski  for  their  valued  assistance. 

Assignment  2 — Laying 

Chairman  Jones:  Subcommittee  2  is  under  the  chairmanship  of  O.  E.  Fort,  chief 
engineer,  Frisco  Lines.  Unfortunately,  Mr.  Fort's  railroad  has  a  high  water  problem, 
and  he  advised  me  that  he  would  not  be  here  today. 

His  report  is  presented  in  two  parts.  Part  1  is  a  tabulation  of  track  miles  of  con- 
tinuous welded  rail  laid  by  years  1033  to  1963.  There  are  few,  if  any,  amonR  us  who 
doubt  that  continuous  welded  rail  is  here  to  stay.  Its  benefits  are  universally  recognized 
and  are  of  such  common  knowledge  as  to  be  almost  taken  for  granted.  .Mthough  many 
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miles  of  rail  being  laid  today  arc  not  welded,  the  trend  toward  the  use  of  welded  rail  is 
definitely  upward,  as  reflected  by  the  statistics. 

Part  2  relates  to  our  present  definition  of  Continuous  Welded  Rail.  At  the  Annual 
Meeting  in  March  1963  this  Association  adopted  the  following  definition: 

Continuous  Welded  Rail: — A  Number  of  Rails  Welded  Together  in  Lengths  of 
400  Ft  or  Longer. 

Shortly  after  the  close  of  the  March  1963  meeting,  your  committee  received  advice 
to  the  effect  that  some  members  of  the  Association  considered  the  definition  to  be  in- 
complete in  that  it  failed  to  define  rails  welded  together  to  form  lengths  shorter  than 
400  ft.  Your  committee  reviewed  the  definition  as  adopted  and  concurred  that  it  did  not 
satisfy  the  objective,  and  we  now  submit  for  adoption  and  publication  in  the  Glossary 
of  the  Manual  the  following  definition: 

Welded   Rail: — Two   or   More   Rails   Welded   Together   to   Form   a   Length   Less 
than  400  Ft. 

Mr.  President,  I  move  that  the  definition  as  read  be  adopted  and  included  in  the 
Glossary  of  the  Manual,  with  appropriate  cross-reference  to  the  term  "Continuous 
Welded  Rail"  so  as  to  provide  a  clear  understanding  of  both  terms. 

[The  motion  was  duly  seconded,  was  put  to  a  vote,  and  carried.] 

Assignment  3 — Fastenings 

Chairman  Jones:  C.  W.  Wagner,  engineer  of  tests — system,  Canadian  National 
Railways,  is  chairman  of  Subcommittee  3 — Fastenings.  Mr.  Wagner,  will  you  please  rise 
and  be  recognized. 

The  report  on  Assignment  3  is  presented  in  two  parts  as  information.  Part  1  covers 
the  rail  anchorage  pattern  of  continuous  welded  rail.  The  recommended  rail  anchorage 
pattern  for  continuous  welded  rail  is  box  anchoring  at  alternate  ties  throughout  the 
length  of  the  string  of  continuous  welded  rail. 

A  survey  of  committee  members  indicated  that  there  may  be  a  trend  to  reduce  the 
number  of  rail  anchors  through  the  central  portion  of  the  strings  of  continuous  welded 
rail.  Your  committee,  therefore,  circulated  a  questionnaire  among  the  chief  engineers  of 
34  North  American  roads  which  presently  use  continuous  welded  rail.  Of  the  26  roads 
reporting,  19  roads  box  anchor  at  every  second  time;  4  roads  box  anchor  at  every 
third  tie ;  one  road  boxes  two  ties  and  skips  one ;  one  road  boxes  every  other  crib,  and 
one  road  uses  a  standard  pattern  of  16  anchors  per  (39-ft)  rail  through  the  central 
portion  of  the  string.  The  roads  using  fewer  anchors  report  no  difficulties. 

While  several  roads  are  contemplating  tests  of  fewer  anchors,  current  practice  does 
not  support  revision  of  the  present  rail  anchorage  pattern  now  appearing  on  page 
S-S-4.2  of  the  Manual. 

Your  committee  recommends  that  this  subject  be  carried  over  to  a  later  date. 

J.  E.  EiSEMANN  [AT&SF] :  I  want  to  ask  a  question  in  connection  with  the 
anchorage  patterns  described  in  the  subcommittee  report.  I  have  knowledge  that  one  or 
more  railroads  have  laid  welded  rail  on  open-deck  bridges  without  placing  any  anchors 
on  the  bridge  itself.  They  have  bunch-anchored  the  rail  at  both  ends  of  the  bridge.  I 
wonder  whether  this  was  done  on  the  basis  of  judgment  or  experience,  or  whether  it 
was  based  on  scientific  experimentation.  Can  you  answer  that  question? 

Chairman  Jones:  I  know  that  the  Illinois  Central  has  established  such  an  anchor 
pattern.  Whether  it  is  on  test  or  not,  I  don't  know.  I  shall  ask  C.  E.  Weller,  engineer 
maintenance  of  way,  Illinois  Central,  to  answer  the  question. 
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C.  E.  Weller:  We  do  have  sonic  welded  rail  acri/ss  short  oi)en-deck  hrid«es.  I 
think  the  longest  bridge  is  about  600  ft. 

We  try  to  center  our  welded  rail  strings  over  the  open  deck.  The  600-ft  bridge  men- 
tioned is  south  of  Memphis.  The  welded  rail  has  been  in  over  two  years.  We  were  a 
little  apprehensive  about  it  and  watch  it  all  the  time.  So  far,  we  have  had  no  indica- 
tion of  trouble  with  the  rail  or  any  movement  of  the  span.  Technically,  the  only  reason 
for  putting  anchors  at  the  center  of  a  welded  string  is  to  prevent  pull-aparts  if  the  rail 
breaks. 

Mr.  Eisemann:  Then  you  eliminated  anchors  on  these  bridges  on  the  Ijasis  of 
judgment  rather  than  any  experimentation  of  a  scientific  nature? 

Mr.  Weller:  That's  right. 

Mr.  Eisemann:  Is  there  any  effort  being  made  to  conduct  any  experiments  at  this 
time  in  a  scientific  manner? 

Mr.  Weller:  Not  that  I  know  of. 

Chairman  Jones:  Part  2  of  Assignment  3  is  an  interesting  treatment  of  the 
Southern  Railway  System's  use  of  sliding  joints.  This  report  was  prepared  by  J.  F. 
Beaver,  chief  engineer.  Southern  Railway  System,  and  is  furnished  as  information. 

Assignment  4 — Maintenance 

Chairman  Jones:  Subcommittee  4  has  as  one  of  its  assignments  the  task  of  deter- 
mining whether  changes  in  recommended  ballast  sections  are  recjuired  because  of  the  use 
of  continuous  welded  rail. 

Recently  the  committee  received  prints  of  rlrawings  covering  new  recommended 
ballast  sections — applicable  to  track  with  both  jointed  rail  and  continuous  welded  rail — 
which  were  prepared  by  Committee  1 — Roadway  and  Ballast.  While  at  this  time  your 
committee  has  no  objections  to  the  ballest  secticms  propo.sed,  the  matter  will  receive 
further  study  by  the  committee  and  recommendations  will  be  furnished. 

Assignment  5 — Economics 

Chairman  Jones:  T.  C  Shedd,  editor,  Modern  Railroads,  is  chairman  of  Subcom- 
mittee S.  Mr.  Shedd,  will  you  please  stand  and  be  recognized. 

Subcommittee  S's  report  presents  up-to-date  informatit  n  on  the  cost  of  welding 
compared  with  the  cost  of  standard  joint  bar  assembly.  A  questionnaire  sent  to  58  rail- 
roads known  or  believed  to  be  using  continuous  welded  rail,  requested  information  on 
this  study. 

Returns  from  32  roads  were  summarized  in  the  statement  appearing  on  page  636 
of  Bulletin  584.  As  was  expected,  few  railn  ads  could  supply  cost  figures  broken  down 
in  the  detail  called  for  in  the  questionnaire.  Hence,  the  returns  should  not  be  regarded 
as  being  compo.sed  of  identical  cost  elements,  as  <m  some  returns  there  was  doubt  as  to 
exactly  what  cost  elements  were  actually  included.  Thus,  care  should  be  taken  in  inter- 
preting the  figures  on  the  tabulation  and  comparing  the  cost  on  different   railroads. 

It  can  reasonably  be  concluded,  however,  from  a  review  of  the  statement,  that  the 
weighted  cost  of  welding  is  less  than  the  cost  of  the  joint  bar  as.H>mbly. 

Assignment  6 — Welding  Second-Hand  Rail 

Chairman  Jones:  Mr.  J.  F.  Beaver,  chief  engineer.  Southern  Railway  System, 
chairman  of  Subcommittee  6,  could  not  be  here  today.  His  report  covers  an  investigation 
made  at  the  AAR  Research  Center  of  welding  used  rail  by  the  electric  flash  process 
without   cropping.  The  report  is  an  elaborate  and  detailed  coverage  of  the  subject.  It 
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should  be  of  particular  interest   to  all   railroads  presently  welding  or  planning  to  weld 
used  rail. 

The  primary  purpose  of  the  investigation  was  to  determine  if  welding  used  rail 
without  cropping  would  be  satisfactory,  since  it  would  save  the  cost  of  cropping  the 
rail  prior  to  welding,  and  the  scrapping  of  the  cropped  rail  ends.  The  report  concludes 
that  more  satisfactory  service  performance  can  be  expected  from  butt-welding  used  rail 
if  the  rail  ends  are  cropped  before  welding. 


Chairman  Jonks  (continuing):  At  this  time  we  have  the  privilege  of  viewing  a 
motion  picture  entitled  "Fabrication  and  Laying  of  Continuous  Welded  Rail  on  the 
Southern  Railway."  Many  of  you  present  have  had  the  pleasure  of  seeing  this  film  be- 
fore. I  am  sure  you  can  attest  to  the  interesting  things  shown  in  the  film.  It  may  be 
doubly  interesting  now,  because  if  you  have  seen  it  before  the  chances  are  you  will  see 
things  that  you  missed  then.  Also,  additional  roads  are  turning  to  the  use  of  the  equip- 
ment shown  in  the  picture,  and  this  particular  subject  is  bound  to  receive  growing 
discussion. 

R.  L.  Fox,  process  engineer  of  structures.  Southern  Railway,  will  introduce  the  film. 

R.  L.  Fox:  Mr.  President,  members,  ladies  and  guests: 

Mr.  Beaver  was  supposed  to  have  had  this  honor  this  morning,  but  unfortunatcl\' 
he  could  not  be  here.  The  picture  you  will  see  is  old.  Most  of  the  equipment  shown 
in  the  picture  was  manufactured  on  our  own  properties.  Since  that  time  it  has  been 
manufactured  by  a  machine  company  and  has  been  greatly  improved.  First  we  shall 
show  the  picture,  and  then  I  hope  you  will  act  like  a  bunch  of  roadmasters  and  ask 
questions. 

[The  film  was  shown.]   [Applause] 

Mr.  Fox:  Gentlemen,  we  are  running  a  little  late.  If  an\one  has  a  question  in  regard 
to  this  film,  we  shall  be  glad  to  answer  it.  We  have  now  laid  over  1300  miles  of  rail 
on  the  Southern,  and  all  is  welded. 

I   certainly   appreciate   your   attention,   gentlemen.   Gcd   bless  you  all.    [Applause] 

Chairman  Jones:  On  behalf  of  the  Committee  on  Continuous  Welded  Rail,  Mr. 
Fox,  please  accept  our  appreciation  for  your  assistance.  The  committee  feels  indebted  to 
the  Southern  Railway  for  making  it  possible  to  show  this  film  on  our  program.  We  all 
regard  it  as  very  thought-provoking,  and  from  it  there  may  be  a  stirring  of  imagina- 
tion and  thinking  to  produce  new  ideas  to  improve  our  present  methods  of  laying  con- 
tinuous welded  rail  and  maintaining  the  property. 

At  this  time  I  should  like  to  announce  several  changes  that  have  occurred  on  the 
committee. 

M.  S.  Reid,  assistant  chief  engineer — maintenance,  Chicago  &  North  Western  Rail- 
way, has  relinquished  the  position  of  vice  chairman  of  the  Special  Committee  on  Con- 
tinuous Welded  Rail  in  order  to  assume  the  vice  chairmanship  of  Committee  22 — Eco- 
nomics of  Railway  Labor.  The  Special  Committee  regrets  losing  Mr.  Reid,  and  we  wish 
him  well  in  his  new  assignment. 

It  is  my  pleasure  to  introduce  C.  W.  Wagner,  engineer  of  tests — system,  Canadian 
National  Railways,  as  our  new  vice  chairman.  Mr.  Wagner,  please  stand  so  we  may 
recognize  you.  Thank  you. 

R.  E.  Frame,  assistant  chief  engineer.  Southern  Pacific  Company,  Texas  and  Louisi- 
ana Lines,  has  become  chairman  of  Subcommittee  3.  Mr.  Frame,  please  stand.  Thank  you. 
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J.  R.  Rymer,  division  cnfjinecr,  Baltimore  &  Ohio  Railroad,  is  the  new  chairman  of 
Subcommittee  4.  He  is  succeeding  C.  R.  Merriman,  who  had  lo  give  up  the  post.  If 
Mr.  Rymer  is  here,  will  he  please  stand. 

Mr.  President,  this  concludes  the  report  of  the  Si)ecial  Committee  on  Continuous 
Welded  Rail. 

President  Luc.c.ins:  Thank  you.  Jack,  your  sui)C(immittee  chairmen,  Mr.  Wagner 
and  Mr.  Fox,  for  your  interesting  and  informative  presentations  to  our  convention.  We 
have  come  far  in  this  matter  of  continuous  welded  rail.  We  don't  have  the  final  an- 
swers yet  with  respect  to  many  of  its  aspects — fabricatii;n,  laying,  fastenings,  or  main- 
tenance— so  we  know  your  committee  will  keep  up  the  good  work  in  the  year  ahead. 

Your  committee  is  now  excused  with   the  thanks  of  the  .Association.   [.Applause] 


President   Loggins:    You   will   be  interested  to   know  that   the   registration   for  the 
convention  was  655   railroad  men  and  384  non-railroad  men,  totaling   1,039. 
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President  Loggins:  We  have  now  completed  consideration  of  the  committee  reports 
to  come  before  this  Convention.  I  now  convene  the  Closing  Business  Session  of  our  Con- 
vention, which  includes  the  installation  of  the  new  officers  for  the  ensuing  year. 

First,  I  want  to  take  this  opportunity  to  thank  all  who  contributed  to  the  work  of 
our  Association  during  the  past  year  and  to  the  success  of  this  Convention.  Our  Associa- 
tion has  had  another  productive  year.  This  is  true  because  so  many  of  you  gave  so  gen- 
erously of  your  time  ard  effort,  which  I  assure  you  has  been  appreciated. 

There  are  so  many  to  whom  I  am  personally  indebted  that  I  cannot  possibly  name 
them  all  here,  but  I  do  want  to  express  my  personal  appreciation  for  the  splendid 
cooperation  of  our  officers  and  directors,  our  committee  chairmen  and  members,  and 
all  others  who  collaborated  in  any  way. 

I  certainly  want  to  express  my  sincere  appreciation,  and  the  appreciation  of  the  As- 
sociation, to  Mr.  Howard  and  his  staff  for  the  splendid  manner  in  which  they  have 
conducted  the  Association's  affairs  during  the  past  year.  Their  careful  attention  to 
every  detail  in  the  planning  and  execution  of  the  Association's  programs  and  publica- 
tions, many  times  under  difficult  circum.stances,  has  been  invaluable  to  the  Association, 
the  Board  of  Direction,  and  me. 

The  Committee  on  Convention  .ArrangL-ments,  under  the  direction  of  Shirley  Stutcs, 
did  an  outstanding  job  in  connection  with  .ARE.V  participation  in  the  October  .American 
Railway  Progress  F^xposition,  in  addition  to  their  usual  multitude  of  assignments  in 
arranging  for  this  convention.  These  well-planned  conventions  do  not  "just  happen." 
Other  than  our  past  presidents,  few  are  in  a  position  to  know  the  multitude  of  details 
handled  by  this  committee,  and  how  easily  things  could  go  awry  if  it  were  not  for 
their  diligence. 

I  want  to  thank  the  Simmons-Boardman  Publishing  Corjioration  for  operating  the 
coffee  bar  during  the  Convention.  They  helped  to  get  many  members  to  the  opening 
sessions  on  time,  and  afforded  a  place  for  members  to  meet  and  discuss  their  many 
mutual  problems. 

I  join  Mrs.  Loggins  and  thank  all  of  those  ladies  who,  with  Mrs.  Howard,  gave  .so 
generously  of  their  time  in  assisting  w;th  the  social  functions  of  our  convention  for  the 
ladies.  Our  sincere  thanks. 

Is  there  any  other  bu.siness  to  come  before  this  meeting? 
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Past  President  E.  J.  Brown  [Burlington  Lincsj:  Mr.  President,  ladies  and 
gentlemen: 

There  are  not  too  many  times  nowadays  that  one  has  an  assignment  as  pleasing  as 
this.  It  is  a  pleasure  to  recognize  this  morning  the  work  that  Mr.  Loggins  has  done 
during  the  past  year.  We  more  cr  less  two-timed  him.  He  presided  over  our  activities 
during  the  Railway  Progress  Exposition  in  October,  and  again  at  this  most  successful 
iy2  day  Convention.  He  was  one  of  the  prime  movers  in  returning  to  a  IY2  day  Con- 
vention, and  I  am  sure  his  judgment  was  vindicated  in  the  sessions  that  have  been  so 
well  attended.  I  dcn't  believe  I  have  ever  been  at  a  Convention  that  has  had  such  a 
large  attendance  at  all  of  its  sessions  as  has  this  Convention,  with  the  great  interest 
that  has  been  shown.  It  all  points  up  to  the  leadership  we  have  had  in  the  past  year. 

Lee,  so  that  you  won't  forget  this  year,  your  colleagues  have  this  plaque  to  give 
you,  on  which  is  inscribed: 

THE     AMERICAN     RAILWAY     ENGINEERING     ASSOCI.\TION     RECORDS     ITS 

GRATEFUL     APPRECIATION     TO     LEE     ALSTON     LOGGINS     FOR     HIS     ABLE 

ADMINISTRATION    OF    THE    AFFAIRS    OF    THE    ASSOCIATION    DURING    HIS 

TERM   AS   PRESIDENT,    1963-1964 

I  am  sure  you  will  cherish  this. 

Now  may  I  take  just  another  minute.  You  know,  behind  every  man  they  say  there 
is  a  woman.  I  notice  Mrs.  Loggins  sitting  up  in  the  balcony.  We  want  to  publicly  thank 
her  for  tutoring  this  boy  so  well.   [Applause] 

President  Loggins:  Thank  you,  Mr.  Brown.  Little  did  I  think  when  I  joined 
AREA  that  one  day  I  should  achieve  this  goal.  It  is  one  of  the  nicest  things  that  ever 
happened  to  me,  and  this  plaque  will  be  a  constant  reminder  of  a  most  pleasant  year. 

The  close  of  our  Annual  Convention  each  year  brings  wilL  it  not  only  a  feeling  of 
satisfaction,  but  some  regrets,  because  it  brings  to  an  end  the  service  of  several  members 
of  our  Board  of  Direction.  I  want  to  thank  each  member  of  the  Board  for  his  counsel, 
advice  and  support,  and  especially  those  members  who,  having  completed  their  term  of 
office,  are  retiring  from  the  Board. 

The  closing  of  this  meeting  completes  the  service  on  the  Board  of  Past  President 
R.  H.  Beeder,  chief  engineer — system,  Atchison,  Topeka  &  Santa  Fe  Railway.  The  Con- 
stitution provides  that  past  presidents  will  remain  on  the  Board  for  only  two  years  after 
completion  of  their  term  as  president.  We  are  deeply  indebted  to  Mr.  Beeder  for  his 
long  and  valuable  service  to  our  Association,  both  in  an  official  and  an  unofticial 
capacity;  and  although  he  will  be  off  the  Board,  I  am  sure  he  will  still  be  called  upon 
for  counsel  and  advice  as  important  matters  require. 

Mr.  Beeder,  will  you   please  stand  and  be  recognized.   [Applause]  ^ 

Members  of  the  Board  of  Direction  completing  their  terms  of  service  are: 

J.  H.  Brown,  assistant  general  manager,  Southeastern  District,  St.  Louis-San  Fran- 
cisco Railway. 

J.  E.  Eisemann,  chief  engineer,  Western  Lines,  Atchison,  Topeka  &  Santa  Fe  Railway. 

W.  H.  Huffman,  assistant  chief  engineer — construction,  Chicago  &  North  Western 
Railway. 

F.  R.  Smith,  chief  engineer,  recently  retired,  of  the  Union  Railroad. 

The.se  men  have  served  our  Association  well  in  their  official  capacity  on  the  Board, 
and  I  want  to  express  our  deep  appreciation  to  each  of  them. 

Mr.  Brown  and  Mr.  Smith  were  unable  to  be  here.  Mr.  Brown  is  attending  Har- 
vard and  Mr.  Smith  has  retired  and  is  living  in  Florida.  Will  Mr.  Eisemann  and  Mr. 
Huffman  please  stand  and  permit  us  to  give  them  a  hand  ?   [Applause] 
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It  is  now  my  privilege  and  pleasure  to  present  the  new  direclors  and  officers  you 
have  elected  for  the  ensuing  year.  As  I  read  your  name,  please  come  to  the  speaker's 
table  and  take  a  place  at  my  right. 

Hal  E.  Wilson,  assistant  chief  engineer — system,  Atchison,  Topeka  &  Santa  Fe  Rail- 
way, Chicago. 

J.  S.  Parsons,  chief  engineer.  Eric — Lackawanna  Railroad,  Cleveland,  Ohio. 
S.  H.  Poorc.  office  engineer,  Chesapeake  &  Ohio  Railway,  Huntington,  VV.  Va. 

F.  X.  Bcighley,  roadway  engineer,  St.  Louis-San  Francisco  Railway,  Spring- 
field, Mo. 

Gentlemen,  I  welcome  you  to  the  Board  of  Direction.  It  is  an  office  of  high  honor 
and  responsibility  that  you  are  assuming.  I  know  ycu  will  bring  much  of  value  to  the 
Board's  deliberations  and  that  you  will  enjoy  your  service  on  the  Board.  Congratula- 
tions. You  may  be  seated.  [Applause] 

Our  senior  vice  president  is  A  .V.  Johnston,  chief  engineer,  Canadian  National  Rail- 
ways, who,  under  the  Constitution,  automatically  advances  to  this  position  from  that  of 
junior  vice  president.  Mr.  Johnston,  will  you   please  come  to  the  platform. 

Mr.  Johnston,  it  is  with  much  satisfaction  that  I  see  you  advance  to  this  position  of 
greater  responsibility  in  the  Association,  knowing  from  your  past  service  on  the  Board 
that  you   will  discharge  this  greater  responsibility  with  distinction.   [Applause] 

Your  newly  elected  junior  vice  president  is  J.  M.  Trissal,  vice  president  and  chief 
engineer,  Illinois  Central  Railroad,  who  returns  to  the  Board  of  Direction  following  a 
three-year  term  which  ended  with  our  1963  convention.  Mr.  Trissal,  will  you  please 
come  to  the  platform  and  take  your  place  beside  Mr.  Johnston. 

Mr.  Trissal,  I  congratulate  you  upon  your  selection  as  junior  vice  president,  and 
welcome  you  back  to  the  Board  of  Direction.  You  and  Mr.  Johnston  will  make  a 
splendid  team  of  vice  presidents.  You  may  be  seated.   [Applause] 

Our  new  president  is  T.  F.  Burris,  general  manager  of  construction  and  mainte- 
nance of  way,  Chesapeake  &  Ohio  Railway — Baltimore  &  Ohio  Railroad.  To  accord 
Mr.  Burris  the  proper  recognition,  I  have  asked  Past  Presidents  Bccder  and  Code  to 
escort  him  to  the  platform  at  this  time. 

Congratulations,  Mr.  Burris,  on  your  election  to  the  highest  position  of  honor  in 
this  Association.  I  now  proclaim  you  president.   [ Applause | 

Even  if  unofficial,  I  also  proclaim  Mrs.  Burris  the  First  Lady  of  the  .Association. 
[.Applause] 

I  share  the  confidence  which  has  been  placed  in  you  by  our  membership,  and  it  is 
with  pleasure  and  .satisfaction  that  I  turn  over  the  responsibility  of  president  to  you. 

In  so  doing,  I  want  to  present  you  with  this  solid  gold  pin,  which  bears  the  en- 
graved words  on  the  back:  "T.  F.  Burris,  President,  1964-1965."  It  is  the  official  em- 
blem of  the  .ARE.A,  and  I  am  sure  you  will  wear  it  with  pleasure  to  yourself  and  honor 
to  the  Association.  Congratulations.   [Applause] 

[Mr.  Burris  assumed  the  Presidency.] 

President  Burris:  Thank  you,  Mr.  Loggins. 

Ladies,  gentlemen,  members  of  the  .ARE.A  and  guest.*;. 

I  am  happy  to  accept  the  great  honor  this  organization  has  bestowed  on  nie.  I  am 
aware  of  the  responsibilities  that  go  with  the  office  of  i)resident  of  this  great  engineering 
association,  and  I  am  aware,  also,  that  it  is  the  full  participation  and  dedication  of  each 
and  every  member  of  the  .A.s.socialion  that  makes  for  our  continued  professional  growth. 

The  work  of  our  committees  is  the  very  heart  of  our  organization,  and  it  is  my 
hope  that   in   this  year  ahead  the   tempo  of  activity  of  the  committees  will  be  greatly 
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accelerated  to  keep  pace  and  even  ahead  of  the  needs  of  our  fast  chan^'inf:  transportation 
picture. 

The  quality  and  professionalism  of  your  Board  of  Directors  and  committees  leaves 
nj  djubt  in  my  mind  that  this  can  be  accomplished.  Thank  ycu.   [Applause] 

H.  W.  Kellogg  [Chesapeake  &  Ohio]:  Mr.  President,  ladies  and  gentlemen: 

Fred,  you  have  just  been  elected  to  the  office  of  president  of  this  Association.  I 
know  you  are  going  to  do  a  splendid  job  and  will  carry  on  the  affairs  cf  the  Associatif  n 
during  the  coming  year  in  the  same  able  manner  that  they  have  been  carried  on  during 
the  past  year  by  Mr.  Loggins. 

Mr.  Dunn  [senior  vice  president,  Chesapeake  &  Ohio]  had  also  planned  to  be  here 
today,  but  he  was  called  away.  In  his  absence  he  asked  me  to  convey  his  best  wishes 
and  congratulations  to  you. 

You  have  been  made  president  by  election,  but  it  is  only  proper  that  you  have  a 
symbol  of  your  office  in  the  form  of  a  gavel.  As  a  small  token  of  the  esteem  of  your 
fellow  employees  on  the  Chesapeake  &  Ohio,  I  have  the  honor  and  privilege  of  present- 
ing to  you  this  gavel,  which  you  may  use  to  conduct  the  business  of  this  Association  in  a 
manner  befitting  your  high  office. 

Congratulations  and  good  luck,  Fred.   [Applause] 

President  Burris:  This  is  a  surprise.  I  had  no  inkling  that  this  was  going  to  be 
done,  but  I  thank  you  very  much. 

I  believe  this  concludes  our  meeting.  However,  before  we  disband  I  want  to  say 
that  the  members  of  the  Board  of  Direction,  including  the  retiring  members  of  the 
Board  and  the  newly  elected  ones,  and  all  the  members  of  the  Committee  on  Conven- 
tion Arrangements,  will  meet  at  a  joint  luncheon  in  the  Florentine  Room  immediately 
following  adjournment  of  this  meeting.  This  will  be  followed  by  the  post-convention 
meeting  of  the  Board  of  Direction  in  the  Washington  Room. 

Before  closing  this  Annual  convention,  may  I  ask  if  there  is  any  further  business 
to  come  before  this  meeting.  If  not,  I  shall  use  this  beautiful  gavel  which  has  been  pre- 
sented to  me,  and  declare  the  Sixty-Third  Annual  Convention  of  the  American  Railway 
Engineering  Asscciaticn,  and  the  concurrent  Annual  Meeting  of  the  Engineering  Divi- 
sion, AAR,  adjourned. 

[The  meeting  adjourned  sine  die  at  12:45  pm] 
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March   1,   1964 
To  THE  Members: 

Along  with  the  railroads  generally,  the  Association  had  a  better  year  in  196,^  and 
while  improved  economic  conditions  were  undoubtedly  a  contributing  factor,  the  belter 
Association  year — as  in  the  case  of  the  railroad  industry — was  largely  the  result  of  its 
own  decisions  and  efforts.  Major  factors  in  this  latter  regard  were  its  decision  to  main- 
tain the  work  of  its  committees  undiminished  and  on  schedule,  while  participating 
wholeheartedly  in  the  outstandingly  successful  American  Railway  Progress  Exposition 
in  October;  keeping  its  expenditures  under  careful  control;  and  tackling  aggressively 
the  Number  1  problem  which  had  reared  its  head  during  the  two  previous  years — loss 
in  membership  from  the  all-time  high  of  3407  members  in  1960.  All  of  these  things 
were  done  so  effectively  that,  in  spite  of  some  adverse  influences,  the  close  of  1963 
saw  the  achievements  of  the  Association  at  a  high  level,  its  finances  in  a  sound  condi- 
tion, and   the  downward  trend  in  its  membership  definitely  reversed. 

1963  Association  Meetings 

Following  the  restricted,  end-of-the-week  convention  in  March  1962,  the  Associa- 
tion had  every  intention  of  holding  a  normal  2J/.-day,  full-program  convention  in 
March  1963,  and  had  definite  commitments  to  that  end  with  the  Conrad  Hilton  Hotel. 
Chicago.  But  these  plans  were  completely  upset  with  the  development  early  in  the 
summer  of  1962  of  plans  for  the  AAR-sponsored  American  Railway  Progress  Exposi- 
tion, involving  meetings  of  all  major  railroad  groups,  concurrent  with  a  joint  exhibit 
of  related  railway  supply  organizations,  at  McCormick  Place,  Chicago — first  contem- 
plated for  October  1964,  but  finally  advanced  to  the  8-day  period,  October  9-16. 

Obviously,  the  Association  had  to  be  prominently  represented  in  this  big  industry- 
wide affair.  Equally  obvious,  it  was  recognized  that  the  Association  .should  not  attempt 
to  hold  two  full-scale  meetings  in  1963 — March  and  October.  First  thought  in  some 
quarters  was  to  move  the  annual  convention  of  the  .Association  to  October,  and  amend- 
ments to  the  Association's  Constitution  to  permit  this  were  proposed  by  the  Board 
of  Direction  and  were  adopted  by  letter-ballot  of  the  membership  in  July  1962.  But 
with  no  intention  of  shifting  the  annual  convention  permanently  to  the  fall  of  the  year, 
there  came  full  realization  of  the  serious  disruption  of  A.ssociation  activities  which 
would  result  from  moving  the  1963  convention  to  October,  with  the  prospect  of  return- 
ing to  March  convention  dates  in  1964  and  .subsequent  years.  To  mention  only  the 
more  important  of  these  disruptions,  the  term  of  office  of  the  current  officers  of  the 
Association  would  have  been  extended  to  a  year  and  one-half,  while  that  of  the  incom- 
ing officers  would  have  been  reduced  to  only  six  months,  and  there  would  have  been 
complete  disruption  of  committee  work  schedules,  report  filing  dates,  and  the  As.socia- 
tion's  publication  schedule.  Not  to  be  overlooked  too,  was  the  questionable  situation 
of  holding  two  full-scale  annual  conventions  only  six  months  apart— October  1063  and 
March  1964. 

Confronted  with  this  .situation,  the  Board,  completely  di.sregarding  its  newly 
acquired  authority  to  move  the  1963  convention  to  October  if  it  de.Mred,  decided  that 
the  Association  must  have  an  official  Business  meeting  in  March  1963.  mo<lilied  down- 
ward as  necessary,  while  at  the  same  time  participate  prominently  in  the  American 
Railway  Progress  Exposition  in  October,  modified  radically  from  the  pattern  of  a  full- 
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COMMITTEES  OF  THE  BOARD  OF  DIRECTION 
1963-1964 

Executive  Committee 
L.  A.  Loggins  (Chairman),  A.  V.  Johnston,  R.  H.  Beeder,  C.  J.  Code,  T.  F.  Burris 

Assignments 
T.  F.  Burris   (Chairman),  A.  V.  Johnston,  C.  J.  Code,  B.  B.  Lewis,  A.  L.  Sams 

Personnel 
J.    E.    Eisemann    (Chairman),    F.    R.    Smith,    John    Ayer,    Jr.,    VV.    L.    Young,    H.    M. 
Williamson 

Publications 
J.  H.  Brown   (Chairman),  J.  E.  Eisemann,  C.  E.  Defendorf,  J.  F.  Beaver,  B.  B.  Lewis 

Manual 
VV.  H.  Huffman   (Chairman),  F.  R.  Smith,  T.  B.  Hutcheson,  John  Ayer,  Jr. 

Membership 
T.    B.    Hutcheson    (Chairman),    C.    E.    Defendorf,    T.    F.    Burris,   J.    H.    Brown,   J.   F. 
Beaver 

Finance 
R.    H.    Beeder    (Chairman),    W.    H.    Huffman,    A.    V.    Johnston,    A.    L.    Sams,    H.    M. 
Williamson 

Research 
C.  J.  Code   (Chairman),  R.  H.  Beeder,  Ray  McBrian,  W.  J.  Cruse,  W.  L.  Young 


scale  convention.  Thus,  plans  were  developed  and  approved  for  another  li/2-day, 
restricted-program,  end-of-the-week  annual  convention  in  March,  and  for  a  full 
Membership   meeting  in   October,  in   conjunction  with   the   Exposition. 

March  Convention 

The  March  convention — designated  the  1963  Business  meeting — was  held  at  the 
Conrad  Hilton  Hotel,  March  IS  and  16.  There  was  no  restriction  on  member  attendance, 
but  only  committee  officers  and  subcommittee  chairmen  were  urged  to  attend,  and  the 
attendance  of  railway  supply  men  was  actually  discouraged.  As  a  result,  the  registered 
attendance  at  the  meeting  was  only  254  railroad  men  and  only  134  non-railroad  men — 
a  total  of  388. 

As  planned,  the  meeting  was  all  business,  except  for  a  joint  group  luncheon  on  the 
first  day.  There  was  no  keynote  address  and  no  special  features — the  program  consist- 
ing of  a  rapid  succession  of  committee  report  presentations,  with  the  necessary  action 
on  all  Manual  recommendations,  and  closing  with  the  installation  of  new  officers  for 
the   ensuing  year. 
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October  Membership  Meeting 

The  Association  participation  in  the  American  Railway  Progress  Exposition  in 
October  took  the  form  of  a  one-day  Membership  meeting  on  October  9,  the  opening 
day  of  the  Exposition,  supplemented  by  meetings  of  21  of  its  22  standing  and  special 
committees  on  the  8th  and  10th.  All  of  these  meetings — except  five  of  the  committee 
meetings — were  held  at  McCormick  Place — the  site  of  the  Exposition.  Housing  head- 
quarters for  AREA   members  were   the   Conrad  Hilton  and  Morrison  Hotels. 

The  membership  meeting  began  with  a  joint  opening  session  with  the  Communica- 
tion and  Signal  Section,  AAR,  and  was  addressed  by  C.  D.  Buford,  vice  president, 
Operations  and  Maintenance  Department,  AAR.  Following  this  session,  the  meeting 
consisted  of  two  technical  sessions — one  extending  until  noon,  and  the  other  throughout 
the  afternoon.  Since  all  of  the  official  business  of  the  Association  had  been  transacted 
at  the  annual  Business  meeting  of  the  Association  in  March,  both  technical  sessions 
were  given  over  entirely  to  special  features  in  the  form  of  addresses  and  motion 
pictures. 

There  was  no  separate  registration  of  AREA  members  and  guests  at  the  Member- 
ship meeting,  and  no  registration  fee,  but  an  indication  of  the  number  of  members  and 
others  who  participated  in  at  least  some  of  the  Association's  activities  is  the  fact  that 
930  specifically  requested  AREA  identification  inserts  for  their  general  Exposition 
registration  badges. 

MEMBERSHIP 

In  this  report  to  the  Association  one  year  ago,  dealing  primarily  with  the  year 
1962,  your  secretary  expressed  serious  concern  regarding  the  Association's  developing 
membership  record,  pointing  out  that  after  an  unbroken  record  of  membership  growth 
from  1944  through  1957,  the  membership  had  slipped  backward  in  three  of  the  last 
five  years — 1958,  1961  and  1962.  He  attributed  this  drop  in  membership  primarily  to 
the  reduction  taking  place  in  the  total  number  of  technically  trained  employees  in  the 
Engineering  and  Maintenance  of  Way  Departments  of  the  railroads,  but  expressed  his 
belief  that  the  number  of  Association  memberships  on  many  roads  represented  far  less 
than  the  desired  percentage  of  supervisory  employees  in  their  Engineering  and  Main- 
tenance Departments,  and  maintained  that  the  solution  of  the  Association's  member- 
ship problem  lay  largely  in  the  enrollment  of  a  larger  percentage  of  these  unaffiliated 
employees — both   old-time  employees  and   new  employees. 

Acting  on  this  suggested  solution,  the  Board  Committee  on  Membership  imme- 
diately set  a  goal  of  400  new  members  in  1963,  and  initiated  a  two-prong  campaign 
to  reach  that  goal.  One  of  these  was  directed  at  the  present  membership  through  a 
detailed  announcement  in  the  May-June  issue  of  the  AREA  News  of  a  "Member  Get 
A  Member  Campaign",  which  was  supplemented  by  an  appeal  for  cooperation  by 
President  Loggins  in  a  Message  to  Members  in  the  same  issue.  The  other  prong  took 
the  form  of  a  letter  over  the  president's  signature  to  the  chief  engineering  and  main- 
tenance of  way  officers  of  A.^R  Member  Roads,  asking  them  (<i  review  the  current 
AREA  mcmlierships  among  the  personnel  on  their  respective  roads,  luokint;  to  recom- 
mending membership  to  others  within  their  departments  who  would  derive  benefit 
from  membership,  and,  at  the  same  time,  who  would  benefit  their  railroad  and 
strengthen  the  A.ssociation.  Both  of  these  efforts  were  followed  up  through  the  News 
and  by  means  of  personal  letters  of  invitation  from  the  president  to  more  than  150 
pro.spective  members  recommended  by  their  superior  officers. 
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The  result — 307  new  members  were  enrolled  during  the  Association  Membership 
year,  February  1,  1963-January  31,  1964.  This  was  short  of  the  hoped-for  goal  of  400, 
but  since  it  represents  154  more  than  the  153  new  members  enrolled  in  1962,  and  146 
more  than  the  161  new  members  enrolled  in  1961,  it  can  certainly  be  considered  some- 
thing of  an  achievement.  Equally  significant  is  the  fact  that,  as  the  result  of  fewer 
losses  through  resignations  and  members  dropped  for  non-payment  of  dues  (which 
may  have  been  influenced  favorably  by  the  membership  effort),  and  in  spite  of  a  larger 
number  of  deaths,  the  total  membership  of  the  Association  rose  to  3398  at  the  end  of 
the  1963  Association  Membership  year.  This  was  higher  than  in  both  of  the  immediately 
preceding  years,  and  came  within  9  members  of  reaching  the  all-time  high  Association 
membership  at  the  end  of  the  1960  Membership  year.  More  specifically,  the  total  mem- 
ship  of  3398  as  of  January  31,  1964,  compares  with  the  total  membership  of  3261  one 
year  earlier,  3347  two  years  earlier,  and  with  the  record  high  of  3407  as  of  January  31, 
1961 — three  years  earlier. 

The  net  gain  of  137  members  during  1963  resulted  from  the  enrollment  of  307 
entirely  new  members,  the  reinstatement  of  48  former  members,  an  increase  of  13 
Junior  Members,  and  a  loss  of  231  members  through  deaths,  resignations  and  being 
dropped  for  non-payment  of  dues.  A  year  earlier,  the  net  loss  of  86  members  resulted 
from  the  enrollment  of  only  153  new  members,  the  reinstatement  of  36  former  members, 
a  decrease  of  12  Junior  Members,  and  a  loss  of  263  members  through  deaths,  resig- 
nations and  being  dropped  for  non-payment  of  dues.  This  comparison,  in  more  detail, 
is  shown  in  the  accompanying  table. 

Student  Affiliates 

Not  included  in  the  foregoing  membership  figures  are  the  Student  Affiliates  which 
the  Association  began  to  enroll  late  in  1960  on  college  campuses — a  relationship  which 
was  explained  in  the  secretary's  report  for  that  year.  As  of  January  31,  1964,  the 
Association  had  46  Student  Affiliates  on  19  different  campuses,  compared  with  40 
Student  Affiliates  on  22  different  campuses  one  year  earlier,  and  with  47  on  20  campuses 
two  years  earlier.  Among  this  student  group  there  has  been  and  will  continue  to  be  a 
large  turnover  as  new  undergraduates  become  interested  in  affiliation  with  the  Associa- 
tion and  as  upperclassmen  and  graduate  students  complete  their  studies. 

Thus,  this  effort  to  enroll  students  on  college  campuses,  so  successfully  launched  in 
1960,  must  be  a  continuing  one,  year  after  year,  both  with  faculty  members  and 
students.  Accordingly,  the  secretary's  office  will  continue  its  effort  in  this  regard  in  the 
year  ahead — especially  on  the  larger  engineering  campuses  of  the  United  States  and 
Canada — to  keep  students  apprised  of  this  type  of  Association  affiliation,  and  of  the 
benefits  to  be  derived  therefrom.  At  the  same  time,  when  arranging  for  railroad  engi- 
neering officers  to  speak  on  college  campuses  under  the  program  which  it  is  carrying  on 
for  Committee  24 — Cooperative  Relations  With  Universities,  it  will  request  these 
speakers  to  apprise  interested  students  of  this  valuable,  low-cos*-  affiliation  with  the 
Association  which  is  open  to  them. 

Many  Members  Again  Lost  Through  Death 

During  the  year  ended  January  31,  1964,  there  were  a  total  of  59  deaths  among 
the  membership,  as  indicated  in  the  roster  of  deceased  members  at  the  end  of  this 
report.  This  was  10  more  than  the  49  members  lost  through  death  during  the  previous 
year,  and  18  more  than  the  31  members  who  died  two  years  earUer.  Happily,  these 
losses  did  not  include  any  past  presidents  or  Honorary  Members,  but  unhappily,  the 
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long  roster  of  deceased  members  does  include  four  past  directors  of  the  Association  and 
many  others  who  contributed  much  to  its  work  through  their  affiliation  with  committees. 

The  past  directors  who  died  during  the  year  were  Bernard  Hlum,  retired  chief 
engineer,  Northern  Pacific  Railway,  who  was  a  director  1935-1937,  an  active  member 
of  Committee  9 — Highways,  1927-1953,  Member  Emeritus  of  the  committee  since  1953, 
and  vice  chairman  of  that  committee  1930-1952,  a  total  of  23  years;  C.  R.  Harding, 
retired  president.  The  Pullman  Company,  who  was  a  director  1930-1932,  a  member 
of  Committee  4— Rail,  1921-1938,  a  member  of  Committee  5— Track,  1923-1937,  and 
chairman  of  Committee  5,  1932-1933;  H.  R.  Peterson,  retired  chief  engineer.  Northern 
Pacific  Railway,  who  was  a  director  1954-1956,  a  member  of  Committee  16 — Economics 
of  Railway  Location  and  Operation,  1938-1945,  and  a  member  of  Committee  25 — 
Waterways  and  Harbors,  1952-1959;  and  A.  N.  Reese,  retired  assistant  to  president, 
Kansas  City  Southern  Railway,  who  was  a  director  1932-1934,  a  member  of  Committee 
4 — Rail,  1930-1946,  a  member  of  Committee  22 — Economics  of  Railway  Labor,  1923- 
1932,  of  which  he  was  chairman  1928-1930,  and  a  member  of  Committee  25 — Water- 
ways and  Harbors,  in  1936. 

Among  those  who  died  during  the  year  who  had  unusually  long  committee  service 
records  are  the  following:  Lem  Adams,  retired  vice  president,  Oxweld  Railroad  Service 
Co.,  and  a  former  chief  engineer  of  the  Union  Pacific  Railroad,  who  was  a  member  of 
Committee  22 — Economics  of  Railway  Labor,  1928-1953,  vice  chairman  1931-1933, 
chairman  1934,  and  a  Member  Emeritus  of  the  committee  since  1953;  R.  L.  Cook, 
retired  assistant  chief  engineer.  Central  of  Georgia  Railway,  who  was  a  member  of 
Committee  3 — Ties,  1925-1957;  A.  C.  Copland,  retired  office  engineer,  Chesapeake  & 
Ohio  Railway,  who  was  a  member  of  Committee  6 — Buildings,  1927-1945,  and  vice 
chairman  of  that  committee  1939-1940;  R.  E.  Coughlan,  retired  chief  metallurgist  and 
engineer  of  tests,  Chicago  &  North  Western  Railway,  who  was  a  member  of  Com- 
mittee 13 — Water  Service,  1925-1959;  J.  H.  Hande,  retired  assistant  to  vice  president, 
Operations  and  Maintenance  Department,  Baltimore  &  Ohio  Railroad,  who  was  a  mem- 
ber of  Committee  21— Economics  of  Railway  Operation,  1930-1937,  a  member  of  Com- 
mittee 11 — Records  and  Accounts,  1938-1948,  and  Member  Emeritus  of  that  committee 
since  1954;  W.  D.  Keeney,  bridge  crgineer,  American  Wo(  d  Preservers  Institute,  who 
was  a  member  of  Committee  7 — Wood  Bridges  and  Trestles,  from  1934  until  the  time 
of  his  death;  Albert  Reichmann,  retired  vice  president,  .American  Bridge  Company,  who 
was  a  member  of  Committee  15 — Iron  and  Steel  Structures,  1912-1945,  and  a  member 
of  the  Special  Committee  on  Stresses  in  Railroad  Track,  1914-1940;  and  W.  M.  Van- 
dersluis,  retired  general  superintendent,  Telegraph  and  Signals,  Illinois  Central  Railroad, 
who  was  a  member  of  Committee  10— Signals  and  Interlocking,  1916-1944,  of  which 
he  was  vice  chairman  1021-1925,  and  chairman  1926-1927.  He  was  also  a  member 
of  Committee  18— Electricity,  1921-1944.  Among  the  oldest  members  of  the  Association 
who  died  during  the  year  were  Mr.  Reichmann,  who  joined  the  Association  in  1905, 
and  R.  O.  Rote,  retired  assistant  to  general  manager.  New  York  Central  System,  who 
became  a  meml)er  of  the  Association  in   1901. 

Must   Continue   High   Membership   Level 

Looking  to  the  future,  it  must  be  pointed  out  again,  as  it  was  in  last  year's  report, 
that  the  maintenance  of  a  high  level  of  membership  in  the  As.sociation  is  essential  from 
the  standpoint  of  its  continued  well  being  and  the  contribution  which  it  can  make 
to  its  members  individually  and  to  the  railroad  industry.  Thus,  the  "New  Member" 
effort  of  the  past  year  must  be  a  continuing  effort  in  succeeding  years,  supported  by 
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every  member,  with  special  responsibility  resting  upon  the  officers  and  directors  of  the 
Association  and  on  those  members  in  higher  supervisory  capacities.  Actually,  all  promo- 
tions to  positions  of  increased  responsibility  should  call  for,  if  not  require,  Association 
membership,  and  all  promising  new  technical  employees  should  be  encouraged  early  to 
become  Junior  Members.  Only  in  this  way  can  the  inevitable  losses  in  membership 
each  year  be  offset,  can  the  Association  remain  strong,  can  its  efforts  be  the  most 
productive,  and  can  its  benefits  be  the  most  valuable  and  widespread. 

Membership 
(Membership  year  extends  from  February  1   to  January  31) 

Membership  Year 

1962  1963 
Members  as  of  February  1,  1962  (beginning  of  Membership  Year)    ...  3347 

Members  as  of  February  1,  1963   (beginning  of  Membership  Year)    .  . .  3261 

New  Members  during  year   153  307 

Reinstatements    during   year    36  48 

Gain  or  loss  in  Junior  Members   — 12  13 

3524  3629 

Deceased  during  year    49  59 

Resigned   during  year    70  55 

Dropped  during  year   144  117 

263  231 

Net  gain  or  loss   — 86  137 

Membership  January  31,  1963   (end  of  Membership  Year)    3261 

Membership  January  31,  1964   (end  of  Membership  Year)    3398 

Membership  Classification  by  Years 

(For  each  of  the  membership  years  shown,  the  year  begins  on  February  1,  and 

ends  on  January  31  of  the  following  year) 

1956  1957  1958  1959  1960  1961  1962  1963 

Life     470  469  482  481  474  490  489  465 

Member     2478  2524  2491  2527  2554  2467  2434  2573 

Associate    258  268  251  264  288  301  261  270 

Junior    144  101  86  101  91  89  77  90 

Totals     3350        3362        3310        3373         3407        3347        3261         3398 

ACTIVITIES  OF   COMMITTEES 

Personnel  of  Committees 

Due  to  economic  conditions  and  the  heavy  work  load  being  carried  by  many  mem- 
bers, the  number  of  members  assigned  to  committees  during  1963  was  slightly  smaller 
than  the  number  who  served  on  committees  in  1962.  Specifically,  throughout  the  year 
there  were  1118  members  regularly  assigned  to  1202  places  on  the  Association's  22 
standing  and  special  committees.  This  compares  with  1137  members  who  occupied  1227 
places  on  these  same  committees  during  the  previous  year.  In  addition  to  their  regular 
members  during  1963,  practically  all  committees  again  carried  "guest"  members  on  their 
rosters — members  assigned  during  the  year  on  a  guest  basis,  awaiting  regular  assign- 
ment with  the  official  roster  change  to  become  effective  with  the  close  of  the  1964 
Annual  Convention. 
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Again  there  were  no  special  restrictions  on  the  number  of  members  permitted  on 
committees,  but  again,  to  meet  the  desire  of  the  Association  of  American  Railroads  for 
relatively  small  AAR  committees,  there  was  continued  in  1963  the  plan  adopted  by  the 
Board  of  Direction  in  1961,  which  provides  that  the  chairmen,  vice  chairmen,  secre- 
taries and  all  subcommittee  chairmen — to  the  extent  that  they  are  in  the  active  employ 
of  railroads — alone  constitute  the  official  Engineering  Division  committees  within  the 
larger  AREA  committees.  This  arrangement  was  amended  in  1962  to  provide  that  in 
any  instance  where  the  chairman  of  an  AREA  committee  is  other  than  an  active  rail- 
road employee,  the  vice  chairman  of  the  committee  must  be  an  active  railroad  employee, 
and  in  addition  to  being  designated  vice  chairman  of  the  AREA  committee,  he  be 
considered  the  chairman  of  the  corresponding  Engineering  Division  committee. 

Again,  to  set  apart  as  a  group  the  Engineering  Division  committee  within  each 
AREA  committee — for  convenience  and  record  purposes — the  names  of  those  on  the 
Engineering  Division  committee  were  grouped  at  the  head  of  the  list  of  personnel  of 
the  committee  as  a  whole,  as  presented  in  the  Committee  Assignments  Pamphlet  and 
the  Bulletins,  and  were  set  in  bold-face  type. 

Reflecting,  unmistakably,  the  continued  interest  of  members  in  serving  on  com- 
mittees, and  of  their  railroads  being  represented  on  committees,  is  the  fact  that  the 
number  of  members  assigned  to  committees  for  1964,  effective  with  the  official  roster 
changes  at  the  end  of  the  1964  Annual  Convention,  will  be  up  slightly  from  1963. 
Specifically,  1151  members  have  been  assigned  to  1244  places  on  committees  for  1964, 
which  compares  with  the  1118  members  who  served  in  1202  places  during  1963. 

Work  of  Committees 

During  1963  the  22  committees  of  the  Association  worked  on  180  assignments, 
33  of  which  were  new.  In  their  work  they  continued  to  follow  much  the  same  pattern 
as  in  previous  years,  their  different  subcommittees  carrying  out  their  own  studies  and 
investigation  independently,  or  wth  the  cooperation  of  the  research  staff  of  the  Asso- 
ciation of  American  Railroads,  looking  to  the  preparation  of  progress  or  final  reports 
for  information;  of  revising  material  appearing  in  the  .'\RE.A  Manual  of  Recommended 
Practice,  the  AAR  Electrical  Manual,  and  the  Portfolio  of  Trackwork  Plans;  or  of  devel- 
oping new  Manual  and  Portfolio  material;  and  of  carrying  out  special  projects  related 
to  their  assignments.  That  the  work  accomplished  by  committees  was  again  substantial 
is  seen  in  the  fact  that  they  produced  one  or  more  reports  on  122  of  their  180  assign- 
ments (not  including  Assignments  A),  11  of  which  were  final  reports  and  20  of  which 
contained  Manual  recommendations.  Furthermore,  continuing  the  practice  established 
by  the  Board  in  1958,  all  committees  presented  brief  "i)r()gress"  or  "status"  statements 
with  respect  to  as.signmcnts  on  which  they  made  no  formal  report. 

Classification  of  Material  Produced  by  Committees 

The  work  of  committees  during  the  year  was  again  so  diversified  and  extensive 
that  it  is  impossible  to  do  other  than  refer  to  it  in  general  terms  in  a  report  of  this 
character.  But  there  is  presented  in  the  following  a  general  categorical  classification 
of  the  results  of  this  work,  as  publi.shed  in  the  Bulletins  of  the  Association,  and  to  be 
presented  to  the   1964  convention: 

Recommendations  pertaining  to  the  development,  revision,  deletion  or  rcapproval 
without  change,  of  47  different  specifications  and  recommended  practices  for  inclusion 
in  the  ARE.'\  Manual  and  the  AAR  Electrical  Manual ;  79  reports  on  current  develop- 
ments in   engineering  practice  and  design ;   9   reports  dealing  with  economy  in   the  use 
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of  labor  and  the  recruiting  and  training  of  employees;  6  reports  on  new  and  improved 
power  tools,  machines,  materials  and  equipment;  3  reports  involving  statistics;  6  eco- 
nomic and  analytical  studies;  3  reports  on  relations  with  public  authorities;  and  3 
bibliographies. 

The  work  of  committees  affecting  the  AREA  Manual  included  the  presentation 
of  2  specifications  for  adoption  and  1  as  tentative;  the  rewriting  or  revision  of  14 
specifications,  with  or  without  reapproval;  the  presentation  of  2  recommended  practices 
for  adoption  and  1  as  tentative ;  the  revision  or  rewriting  of  7  recommended  practices, 
with  or  without  reapproval  (1  in  the  Electrical  Manual)  ;  the  tentative  revision  of  4 
recommended  practices  (2  in  the  Electrical  Manual)  ;  the  reapproval  of  1  recommended 
practice  without  change;  the  deletion  of  3  recommended  practices;  the  adoption  of 
1  agreement  form;  the  revision  of  4  agreement  forms;  the  presentation  of  2  tentative 
agreement  forms;  and  the  addition  or  revision  of  3  terms  in  the  Glossary.  In  addition, 
the  reports  of  committees  presented  instructions  with  regard  to  1  machine  for  inclusion 
in  the  Handbook  of  Instructions  for  Care  and  Operation  of  Maintenance  of  Way 
Equipment,  and  the  revision  of   1   trackwork  plan. 

During  1964,  the  committees  as  a  whole  will  work  on  181  assignments,  16  of 
which  are  new. 

Committee  Meetings 

In  carrying  out  their  work  during  1963,  the  22  technical  committees  of  the  Asso- 
ciation held  the  smallest  number  of  meetings  in  many  years,  and  again,  in  the  interest 
of  minimum  travel  and  off-the-job  time  of  the  majority  of  committee  members,  the 
large  majority  of  meetings  were  held  in  Chicago  or  at  points  central  to  the  largest 
number  of  committee  members.  In  fact,  most  of  the  meetings  held  at  other  than 
central  points  were  to  permit  inspections  of  facilities  or  operations  which  could  be  seen 
only  by  going  to  these  points. 

An  unusual  feature  in  connection  with  the  1963  committee  meetings  was  that  21 
of  the  22  committees  held  their  fall  meetings  in  Chicago  in  connection  with  the  Asso- 
ciation's participation  in  the  American  Railway  Progress  Exposition  in  October — most 
of  these  meetings,  normally  held  in  September,  being  deferred  in  order  to  permit  com- 
bining participation  in  the  meetings  with  participation  in  the  Exposition.  These  delayed 
meetings  caused  considerable  delay  in  closing  up  some  of  the  work  of  committees,  and 
required  considerable  adjustment  in  some  committee  report  filing  dates,  but  with  the 
cooperation  of  all  concerned,  all  of  the  committees  filed  their  reports  on  time  and  all 
of  the  fall  and   winter  Bulletins  of  the  Association  were  published  on  schedule. 

Specifically  as  regards  the  number  of  committee  meetings,  a  total  of  54  was  held 
during  the  Association  year  ended  March  1,  1964.  This  compares  with  63  committee 
meetings  held  during  the  year  ended  March  1,  1963,  the  64  meetings  held  the  year 
earlier,  and  the  70  to  73  meetings  held  yearly  in  immediately  preceding  years. 

Of  the  54  meetings  held  during  the  1963  Association  year,  35  were  held  in  Chicago; 
4  were  held  in  New  Orleans,  La.,  and  Cincinnati,  Ohio;  2  were  held  in  St.  Paul,  Minn.; 
and  9  were  held  in  as  many  other  cities.  Dictated  by  the  scope  of  their  work  and  other 
considerations,  11  committees  each  held  3  meetings,  10  committees  each  held  2  meetings, 
and  1  committee  held  only  1  meeting.  Combined  with  their  meetings,  the  committees 
made  18  inspection  trips  during  the  year  to  see  facihties,  structures,  procedures  or 
operations   directly   related   to   their   work. 


Report    of    Executive   Secretary  901 


ASSOCIATION  PUBLICATIONS 

Compared  with  1963 — when  the  Association  published  the  largest  Supplement  to 
the  Manual  ever  issued  (1036  pages),  reprinted  its  complete  2200-page,  two-volume 
Manual  to  replenish  the  "for  sale"  supply  in  the  secretary's  office,  and  also  produced 
one  of  the  largest  and  most  important  Supplements  ever  issued  to  its  Portfolio  of  Track- 
work  Plans — 1963  was  a  relatively  quiet  publication  year.  However,  again  the  Associa- 
tion made  widespread  distribution  of  its  various  publications  far  beyond  its  own 
membership  and  continued  successfully  several  policies  with  respect  to  its  publications 
adopted  in   1960. 

Copies  of  the  1963  Supplement  to  the  Manual,  containing  242  pages,  were  made 
available  early  in  July  and  were  mailed  automatically  to  all  member  holders  of  the 
Manual  who  had  paid  the  $1.00  annual  member  Supplement  fee.  At  the  same  time  non- 
member  holders  of  the  Manual  were  notified  of  the  availability  of  the  Supplement  and 
the  price  thereof.  Then,  late  in  July,  continuing  a  practice  started  several  years  ago, 
the  secretary's  office  mailed  direct  to  all  committee  members,  without  charge,  copies  of 
the  1963  Supplem'ent  sheets  pertaining  to  the  Manual  chapters  sponsored  by  the  com- 
mittee, or  committees,  of  which  they  were  members.  This  was  again  to  permit  com- 
mittee members  who  have  purchased  separate  copies  of  their  committee's  Manual 
chapter  to  keep  these  chapters  up  to  date. 

Late  in  the  fall,  on  the  basis  of  previous  requests  from  engineering  colleges  of  the 
United  States  and  Canada,  the  secretary's  office  made  the  eighth  annual  mailing  of  the 
Association's  Engineer  Recruiting  Brochure,  "The  Railroad  Field — A  Challenge  and 
Opportunity  for  Engineering  Graduates".  This  distribution  exhausted  the  supply  of  the 
1959  edition  and  was  neces.«arily  somewhat  more  selective  than  in  previous  years.  How- 
ever, both  Committee  24 — Cooperative  Relations  With  Universities,  and  the  secretary's 
office  critically  reviewed  the  1959  edition  during  the  year  and  offered  numerous  sugges- 
tions for  its  improvement  and  updating — looking  to  reprinting  a  new  edition  in  1964, 
in  sufficient  quantity  to  permit  full-scale  distribution  to  those  schools  requesting  it  during 
the  next  4  or  5  years. 

There  was  no  Supplement  to  the  Portfolio  of  Trackwork  Plans  in  1963,  no  action 
with  respect  to  any  of  the  plans  in  the  Portfolio  having  been  taken  at  the  Business 
meeting  of  the  Association  in  March.  However,  by  authority  of  the  Board  of  Direction, 
the  secretary's  office  did  extensive  work  in  preparation  for  the  publication  of  a  con- 
soHdation  of  annual  Proceedings  indexes  1954  through  1963.  This  consolidated  index, 
which  it  was  hoped  could  be  completed  in  1963,  will  supplement  the  Consolidated  Pro- 
ceedings Index,  1940  through  1953,  published  by  the  A.ssociation  in  1953.  Like  the 
previous  index,  the  new  10-year  index  will  be  made  a\ailal)le  to  members  in  a  tlexible- 
cover,   loo.sc-leaf   binder,  at  nominal  cost. 

Again  in  1963  the  Association  dispensed  with  the  publication  of  the  annual  bound 
volume  of  the  Proceedings — a  practice  begun  in  1961.  In  place  of  the  bound  volume, 
all  of  the  Bulletins  of  the  Association  from  the  September-October  1962  i.ssue  through 
the  June-July  1963  issue  were  punched  for  binding,  and  all  members  who  had  made 
prior  requests  were  furnished,  without  charge,  a  two-post,  hard-cover,  book-type  binder, 
similar  in  every  respect  to  the  binriers  issued  in  \^b\  and  1962,  in  which  to  house  as  a 
unit  their  copies  of  the  Bulletin.  Thus,  again,  without  the  former  duplication  of  material 
in  the  Bulletins  and  the  Proceedings,  members  were  able  to  assemble  in  neat  bound 
form  all  of  the  Bulletins  for  the  publication  year,  including  the  complete  proceedings 
of  the  1963  Business  meeting  of  the  Association,  which  appeared  in  the  June-July  issue. 
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RESEARCH  WORK 

The  research  activities  of  the  Engineering  Division  in  1963  were  again  held  to  a 
relatively  low  level — total  expenditures  for  these  activities  during  the  year  amounting 
to  $268,000 — only  slightly  more  than  the  expenditures  for  similar  activities  in  both 
1962  and  1961,  and  far  less  than  the  total  expenditure  of  $398,400  in  1960,  and  the 
still  larger  expenditures  in  immediately  preceding  years. 

Of  the  total  amount  authorized  for  Engineering  Division  research  in  1963,  $41,600 
was  again  for  AAR  detector  car  development  and  leasing  service,  and  $18,300  was  again 
for  general  technical  services,  leaving  a  total  of  only  $208,100  to  progress  research 
projects  sponsored  primarily  by  AREA  committees.  This  authorized  total  expenditure 
for  the  Division's  research  and  technical  assistance  to  AREA  committees  was  again 
far  less  than  the  amount  proposed  by  these  committees  ($363,050),  and  also  far  less 
than  the  necessarily  reduced  proposed  budget  of  $256,500  approved  by  the  AREA 
Board  of  Direction,  acting  as  the  General  Committee  of  the  Engineering  Division,  and 
recommended  to  the  vice  president,  research,  AAR. 

To  hold  down  1963  expenditures,  many  proposed  projects  at  tlie  bottom  of  the 
priority  list  established  by  the  AREA  Board  and  the  director  of  engineering  research, 
AAR,  were  entirely  eliminated;  participation  in  the  work  of  Research  Councils  and 
contract  research  to  be  carried  out  by  outside  agencies  and  institutions  was  again 
practically  eliminated;  and  cuts  were  made  in  the  amounts  requested  for  many  of  the 
remaining  projects  where  possible,  while  still  permitting  some  headway  during  the  year 
and  the  keeping  intact  of  the  basic  research  organization  at  the  AAR  laboratory. 

Furthermore,  for  the  third  successive  year,  the  Research  Budget  did  not  include 
the  former  usual  appropriation  of  $5,000  to  $7,000  to  help  defray  the  cost  of  publishing 
Engineering  Division  research  reports  in  the  AREA  Bulletins.  Unable  to  assume  this 
publication  cost  in  full,  the  Association,  again  in  1963,  presented  in  its  Bulletins,  for 
the  most  part,  only  edited  and  condensed  versions  of  these  reports,  along  with  any 
conclusions  and  recommendations.  Any  disadvantage  or  loss  to  members  under  this 
arrangement  was  again  offset  to  some  extent  by  the  continued  practice  of  the  AAR 
Research  Department  in  1963  of  producing  copies  of  its  complete  reports  in  type- 
written, multilith  form,  and  of  sending  copies  to  the  chief  engineering  and  maintenance 
officers  of  AAR  Member  Roads,  members  of  the  AREA  Board  of  Direction,  members 
of  sponsoring  AREA  committees,  and  to  others  on  request  to  the  AAR  Research  Center. 

1964  Research 

For  the  Engineering  Division  the  approved  1964  research  budget  is  $286,100.  Of 
this  amount,  $41,600  is  again  for  AAR  detector  car  development  and  leasing  service, 
and  $18,300  is  again  for  general  technical  services.  Furthermore,  $27,000  is  for  electrical 
laboratory  and  instrumentation  expenditures  ($14,800  more  than  in  1963),  leaving  a 
total  of  only  $199,200  to  progress  research  projects  sponsored  primarily  by  AREA 
committees.  This  authorized  total  expenditure  for  research  and  technical  services  on 
behalf  of  AREA  committees  is  again  far  less  than  the  amount  proposed  by  these  com- 
mittees— $366,700.  It  does  approximate  the  total  amount  of  "A"-priority  projects 
approved  by  the  AREA  Board  of  Direction  and  recommended  to  the  vice  president, 
research,  AAR,  but  it  does  not  include  any  of  the  "B"-priority  projects  in  the  amount 
of   $138,300,   which   the   Board   requested  by   authorized  to   the   fullest  extent  possible. 

Details  of  the  authorized  Engineering  Division  research  budget  for  1964  are  pre- 
sented   in    the   accompanying   tabulation,    which    shows   for    the    different    projects    the 
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expenditures  authorized,  compared  with  estimated  expenditures  for  projects  in  196.5. 
This  tabulation  shows  16  new  projects  or  reinstated  similar  or  related  projects,  and 
that  7  projects  for  which  expenditures  were  made  in  1963  will  be  discontinued  in  1964 
as  having  been  completed,  or  for  other  reasons.  Missing  again  from  the  list  are  a  con- 
siderable number  of  projects  proposed  by  committees,  some  of  which  have  been  pro- 
posed unsuccessfully  for  several  years.  Also,  as  will  be  readily  evident  to  committees, 
the  authorized  expenditures  for  a  number  of  projects  are  considerably  less  than  the 
amounts  initially  requested. 

Furthermore,  continuing  the  policy  adopted  in  1961,  the  1964  budget  provides  no 
funds  to  help  defray  the  cost  of  publishing  AAR  research  reports  in  the  AREA  Bul- 
letins. This  means  that,  necessarily,  the  ARE.A  in  1964  will  again  present  only  edited 
and  condensed  versions  of  these  reports,  for  the  most  part,  in  the  Bulletin,  with  any 
recommendations  and  conclusions,  under  a  continuing  arrangement  whereby  selective 
distribution  of  the  complete  reports — in  multilith  form — will  be  made  by  the  .A.XR 
research   center. 

Thus,  unless  augmented  by  supplemental  appropriations  later  in  the  year,  1964  will 
see  further  delay  and  deferment  in  Engineering  Division  research  and  technical  services 
as  visualized  and  hoped  for  by  AREA  committees  and  the  Board  of  Direction. 


ToT.\L  Allotments  for   Research,  Engineering  Division,  AAR,  Exclustve 
OF  Detector  Car  Development  and  Leasing  Service 

1944-1964 

1944  $109,0.S0      1955  351,653 

1945  138,1 10     1956  365,050 

1946  159,510      1957  476,845 

1947  2.M,428      1958  563,709 

1948  291,840      1959  353,800 

1949  372.457      1960  350,300 

1950  294.045      1961  222,000 

1951  354,770      1962  223,671 

1952  381,400      1963  226,400 

1953  364,100      1964  244.500 

1Q54  351,307 


Summary  of  Projects  Included  in   1964  Approved  Engineering  Division  Research 

Budget,  Showing  Expenditures  .Autiiorizid  for  Each  Project,  Compared 

With  Estim.ated  Expenditures  for  Projects  in   1963 

1963  1964 

Estimated  Approved 

Kxpenditure  BudKcf 
Administration 

Research  Office   $  35.400  $  35,400 

Total   3  35,400  $  35,400 

Coimnittee    1 — Roadway    and    Ballast 

Roadbed  Stabilization   >?    b^.l"<>  ^   J'5.1<>0 

Vegetation  Control    f****'  "''" 

Total  $  15,700  $  15.700 
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1963  1964 

Estimated  Approved 

Expenditure  Budget 
Committee    3 — Ties    and    Wood    Preservation 

Furtlier  Development  of  Prestressed  Concrete  Ties  ...    $     1,900  $        700 

Termite  Control  Investigation   600  600 

"Anti-Splitting  Devices  tor  Ties   •  •  •  •  800 

"Service   Tests   of   Laminated   Ties   and   Seasoned   and 

Treated  Ties 400 

Total   $     2,500  $     2,500 

Committee   4 — Rail 

Investigation   of   Failures   in   Control-Cooled   Rail    ....    $     3,000  $     3,000 

Rail  Failure  Statistics   4,700  4,800 

Insulated  Rail  Joint  Development 3,000  3,500 

Shelly  Spots  and  Head  Checks 20,200  17,000 

Metallurgical   Investigation   of   Basic   Oxygen   Steel  for 

Rail  and   loint  Bars    2,200  

Metallurgical  Effects  of  Rail  Cropping  Methods    2,000  2,000 

Semi-Autoniatic  Welding  of  Rail  Batter  and  Burns  .  .  .          4,600  4,600 

"Service  Tests  of  Joint  Bars   ....  1,900 

Total   $  39,700  $  36,800 

Committee    5 — Track 

Prestressed  Concrete  Crossing  Frog  Support $        500  $        400 

Welding  Heat  Treated  Carbon  Steel  Frogs  and  Switches         1,300  2,000 
Riding   Qualities   of   Equipment   Through   High   Speed 

Turnouts 1,300  

Specification    Development    for    Tie    Plate    Fastenings 

and  Tie  Pads  for  Wood  and  Concrete  Ties 12,300  10,000 

Design  of  Spirals    3,800  .... 

"Slide  Plate  Lubrication    5,000 

Total   $  19,200  $  17,400 

Committee   7 — Wood   Bridges   and   Trestles 

Application  of  Synthetic  Resins  and  Adhesives    $     7,800  $       .... 

Strength  of  Timber  Stringers 1,000  .... 

Non-Destructive  Testing  of  Wood   5,000  1,500 

"Field   Inspection   of  Glued-Laminated   Construction.  .            ....  1,000 

Total   $  13,800  .?     2,500 

Committee    8 — Masonry 

Shear  Keys  for  Concrete  Beams   $     2,700  $     2,700 

"Strength  of  Prestessed  Concrete  Beams ....  4,000 

"Application    of    Synthetic    Resins     and    Adhesives — 

Concrete 2,000 

Totil   $     2,700  $     8,700 

Committee    14 — Yards    and   Terminals 

"RoUabilily  of  Freight  Cars   $       $     5,000 

*Coupled-in-Motion  Weighing    ....  2,500 

Total   $      ....  $     7,500 

•  New   projects,   or   reinstated   projects    similar   or    related    in    scope   to   previous  projects. 
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1963  1964 

Estimated  Approved 

Expenditure  Budget 
Committee    15 — Iron    and    Steel    Structures 

Truss  Bridge  Research   3     5,000  $       

Corrosion  of  Deck  Plates 1,000  

** Field   Inspection  of  Paint  Test  Installations   ....  1,500 

'Welding   Research— Structures 5,000 

Total   $     6,000  $     6,500 

Committee    16 — Economics    of    Railway    Location    and    Operation 
Feasibility  of  Detennining  Track  Maintenance  Reciuire- 

ments  by  Digital  Computer  Analysis   $     5,000  $     5,000 

Total    $     5,000  $     5,000 

Committee    24 — Cooperative    Relations   with    Universities 

Student  Research  Grants    $     1,000  $     1,000 

Total    $     1,000  $     1,000 

Committee    30 — Impact    and    Bridge    Stresses 

Steel  Bridges    $     9,200  $     7,000 

Concrete  Bridges 12,300  9,000 

Timber  Bridges    4,100  .... 

"Determination  of  Longitudinal  Forces  in  Bridges   ...           ....  7,500 

"Calculation  of  Bridge  Stresses  by  Digital  Computer.  .           ....  3,000 

Total   $  25,600  $  26,500 

Special    Committee    on    Continuous   Welded    Rail 

Butt-Welding  of  Rails:    $     9,200  $     9,200 

Total   $     9,200  $     9,200 

Joint   Committee    on    Relation    Between    Track    and    Equipment 

Relation  of  Wheel  Load  to  \Mieel  Diameter $     8,800  $     8,500 

Dynamic  Action  of  Piggyback  Cars  in  Regard  to  Clear- 
ance, Stability  and  Ride  Qualities 10,.300  

"Effect   of   Heavy    Drawbar   Pull    with    Long   Cars   on 

Sharp  Curves  on  Car  and  Track  Stability   ....  5,000 

"Relation  of  High  Center  of  Gravity  and  Heavy  Load- 
ing to  Derailing  and   Roll  Action  Including  Some 

of  the  High  Capacity  Cars  of  Recent  Design   ....            ....  5,000 

"Effect  of  Slack  Run-in  on  Lateral  I'orces  Due  to  Jack 

Knifing  of  Locomotives  and  Long  Cars ....  5,000 

Total    $   19,100  $  23,500 

Board    Committee    on    Research 

Long-Range  Weather   Forecasting    $      l.fWH)  $      LOOO 

Total   $     1,000  $     1,000 

Electrical    Laboratory    and    Instrumentation                                                     $    12,200  .$   27,000 

Total    $  12,200  $  27,000 


New   projects,   or   reinstated    projects    similar   or    rrl.itcd    in    scope    to    previous    project*. 
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1963  1964 

Estimated  Approved 

Expenditure  Budget 
Detector  Car   Development  and  Leasing 

Further  Development  of  Detector  Car  Testing — Road- 
Rail  Units  and  Ultrasonic  Units    $  41,600  $  41,600 

Total   $  41,600  $  41,600 

Technical    Services 

General  Technical  Services   $  18,300  $  18,300 

Total $  18,300  $  18,300 

Grand  Total $268,000  $286,100 

FINANCES 

The  Report  of  the  Treasurer,  Financial  Statement,  General  Balance  Sheet,  and 
Statement  of  Cash  Receipts  and  Disbursements  for  the  calendar  year  1963 — all  of  which 
are  presented  herein — indicate  that  the  Association  continues  in  a  sound  financial  con- 
dition— better  than  at  the  close  of  either  1961  or  1962.  This  is  a  highly  desirable  situa- 
tion in  view  of  unusually  heavy  Association  expenditures  in  prospect  during  1964. 
Support  of  this  favorable  statement  is  evident  in  a  comparison  of  the  general  financial 
picture  for  the  last  three  years,  as  follows: 

In  1961,  a  favorable  one  financially  for  the  Association,  Receipts  exceeded  Disburse- 
ments by  $10,051,  but  the  Association's  inventory  of  salable  publications  was  practically 
exhausted.  In  1962  Disbursements  exceeded  Receipts  by  $11,247,  but  this  year  saw  the 
inventory  of  salable  Association  publications,  chiefly  Manuals,  replenished  for  future 
sales.  In  1963  Receipts  exceeded  Disbursements  by  $7496,  and  there  continued  a  sizable 
inventory  of  Manuals  on  hand  for  future  sales.  Following  is  a  comparison  of  total 
Receipts  and  Disbursements  for  the  past  two  years: 

1962  1963 

Receipts     $76,097.28        $73,653.48 

Disbursements    87,344.12  66,156.99 


—$11,246.84         $  7,496.49 

Reviewing  the  1963  financial  picture  briefly,  total  Receipts  were  some  $2400  lower 
than  in  1962,  but  were  actually  some  $2440  higher  than  Estimated  Receipts.  These 
lower  receipts  were  occasioned  by  several  factors.  Manual  sales  were  $900  under  1962, 
Publications  $500  lower,  and  Convention  Registration  Fees  $400  lower.  Also,  the  item 
of  Track  Plans  was  $3000  lower  due  to  the  issuance  and  sale  of  the  large  Supplement 
to  the  Portfolio  of  Trackwork  Plans  in  1962.  The  items  of  Student  Affiliate  Fees, 
Advertising,  Interest,  and  Handbook  were  quite  comparable  to  those  of  1962.  Off- 
setting the  lower  receipt  items,  1963  under  1962,  were  Miscellaneous,  $400  higher,  and 
Membership,  $2000  higher — the  latter  being  due  entirely  to  the  increase  in  the  number 
of  Association  memberships  during  the  year.  With  total  Receipts  for  the  year  1963 
some  $2440  higher  than  Estimated  Receipts,  and  with  Membership  Receipts  exceeding 
estimation  by  some  $2600,  it  is  apparent  that  all  other  Receipt  items,  with  some  minor 
over-under  adjustments,   closely  approximated   estimation. 

Disbursements  during  1963  were  considerably  below  those  of  1962,  due  primarily 
to   the   reprinting  of   the   Manual  in   1962,  and  were   actually   some  $3900  lower   than 
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Comparison  of  Receipts  and  Disbursements  for  the  Last  20  Years 

Receipts  Disbursements        Net  Gain 

1944  30,492.00  26,534.00  3,958.00 

1945  32,305.00  29,305.00  3,000.00 

1946  28,836.00  34,583.00  5,747.00* 

1947  46,993.00  46,989.00  4.00 

1948  57,741.00  53,062.00  4,679.00 

1949  62,081.00  57,075.00  5,005.00 

1950  59,752.00  51,795.00  7,957.00 

1951  69,045.00  62,369.00  6,676.00 

1952  77,514.00  76,964.00  550.00 

1953  73,033.07  82,067.86  9,034.79* 

1954  85,748.99  68,003.03  17,745.96* 

1955  80,177.21  73,923.18  6,254.03 

1956  79,531.11  70,336.17  9,014.04 

1957  85,429.31  89,830.57  4,401.26* 

1958  81,454.56  77,348.92  4,105.64 

1959  80,407.16  80,297.48  109.68 

1960  81,138.79  83,978.29  2,839.50* 

1961  83,461.73  73,410.20  10,051.53 

1962  76,097.28  87,344.12  11,246.84* 

1963  73,653.48  66,156.99  7,496.49 

*  Deficit. 


anticipated.  Disbursements  for  most  budget  items  for  the  year,  with  minor  over-undcr 
expenditures,  approximated  very  close  those  anticipated.  The  exceptions,  which  account 
for  the  $3900  lower  total  than  estimated  expenditures,  were  as  follows: 

Bulletins  and  Proceedings  underexpended  some  $2200,  due  to  fewer  pages  being 
printed  in  1963  and  to  some  fortunate  opportunities  for  printshop  economies;  and 
Miscellaneous  Stationery  and  Printing  underexpended  some  $1700,  due  largely  to  fewer 
than   normal   reprints  being  produced  during  the  year. 

1964   Financial   Prospects 

Unlike  1963,  the  year  1964,  even  with  a  sizable  supply  of  salable  Manuals  still  on 
hand,  will  present  a  financial  problem.  On  the  one  hand,  there  is  very  little  possibility 
of  augmenting  Association  Receipts  in  1964,  with  the  possible  exception  of  slightly 
higher  membership  dues  collections  with  sustained  or  increased  membership,  and  of 
larger  Convention  Registration  Fees,  due  to  the  larger  attendance  expected  at  the  nor- 
mal, 2J/$-day  convention  in  March  1964,  compared  with  the  registration  fees  taken  in 
at   the   1^-day  bu.siness  session  in   March   1963. 

At  the  same  time,  1964  will  be  a  heavy  publication  year.  Presently  .scheduled  arc 
a  new  edition  of  the  Association's  Engineer  Recruiting  Brochure,  "The  Railroad  Field — 
.\  Challenge  and  Opportunity  for  Engineering  Graduates",  for  free  distribution  to 
universities  and  colleges,  and  a  Consolidated  Index  of  the  .separate  Proceedings  indexes 
for  the  years  1954  through  1963,  to  supplement  the  previously  issued,  and  still  avail- 
able. Consolidated  Index  of  Proceedings  Indexes,  1940-1953.  It  will  also  be  neces.^ary. 
at  large  expense,  to  reprint  the  entire  Portfolio  of  Trackwork  Plans  and  the  73-papc 
Movable  Bridge  Specifications  to  replenish  exhausted  supplies  for  future  sales,  as  well 
as  to  reprint  several  Manual  chapters,  the  .sale  of  which  has  already  depleted  the  supply 
of  300  copies  of  each  procured  in  1962  for  separate  chapter  sales.  In  addition,  increa.scd 
Parcel  Post  rates  in  1964  will  add  some  10  to  20  percent  to  the  Association's  ixistage 
expenditures  during   the  year. 
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So  1964,  unavoidably  and  for  fully  justified  reasons,  is  certain  to  be  a  deficit  year 
for  the  Association.  This  will  be  true  even  if  it  is  decided  to  defer  the  production  and 
distribution  of  any  free  or  non-self-supporting  publications  until  a  year  when  a  bal- 
anced budget  is  in  prospect.  This  situation  makes  it  all  the  more  gratifying  that  the 
Association  had  a  favorable  year  financially  in  1963.  Confronted  with  the  prospect  of  a 
deficit  in  1064,  every  effort  must  be  made  to  augment  income  and  to  hold  down 
disbursements   to    the   end   that   the   anticipated   deficit   will   be   the   minimum   possible. 


LOOKING  AHEAD 

From  the  standpoint  of  activities,  it  will  be  difficult  for  the  Association  in  1964 
to  surpass  1963,  with  its  two  major  meetings  and  full  complement  of  committee  work. 
But  the  year  ahead  should  be  a  more  productive  one  for  committees,  given  the  stimulus 
of  the  normal,  full-program  convention  in  March,  the  heavy  schedule  of  interest- 
sustaining  subjects  assigned  to  them,  and  the  definite  plans  underway  for  another  full- 
scale  convention  in  March  1965,  at  McCormick  Place,  Chicago,  supplemented,  as  in 
1961,  by  an  exhibit  of  the  National  Railway  Appliances  Association. 

Aside  from  progressing  its  work,  one  of  the  most  important  tasks  of  the  Association 
in  1964  will  be  to  maintain  its  membership  and  its  working  income.  Both  are  imperative 
to  its  maximum  usefulness  and  greatest  benefits  to  its  members.  If  the  membership  can 
be  maintained,  the  income  of  the  Association  will  take  care  of  itself.  This  means  that 
the  membership  effort  of  the  past  year  must  be  a  continuing  effort,  aimed  at  a  satura- 
tion level  of  membership  among  qualified  older  employees  on  every  railroad,  and  a 
saturation  level  of  Junior  Membership  among  their  younger  technical  employees  who 
show  promise  of  advancement. 

To  attract  these  new  members  and  retain  their  interest,  the  Association  must  con- 
tinue all  of  its  activities  at  a  high  level.  In  this  it  merits  and  should  have  the  encourage- 
ment and  support  of  every  railroad.  Given  this  support,  which  it  has  had  to  such  a 
high  degree  in  the  past,  the  Association  will  carry  on  to  new  heights  of  achievement 
in  1964. 

Respectfully  submitted, 

Neal  D.  Howard, 
Executive  Secretarv. 


I 
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Beceasteb  Mtmheva 

Lkm  B.  Adams 
Retired   Vice   President,   Oxweld   Railroad  Service  Company,   San   Francisco,   Calif. 

B.  D.  Allison 

Electrical    Engineer,    Fixed    Properties,    Chicago   &    North    Western    Railway,    Chicago. 

J.  E.  Barron 

Assistant    to   Chief   Engineer   Maintenance   of   Way   and   Structures,   Southern    Railway 
System,   Birmingham,   Ma.. 

Bernard  Blum 
Retired   Chief    Engineer,   Northern    Pacific   Railway,   St.    Paul,   Minn. 

I.  M.  Boone 

Retired    .Assistant    Engineer    Maintenance   of    Way,    .Atlantic    Coast    Line    Railroad,    Savannah,    Ga. 

A.  H.  Brown,  Jr. 

Engineer   of    Real    Estate,    Southern    Railway   System,   Washington,    D.    C. 

VV.  P.  Brown 

Consulting   Engineer,    Lakewood,   Ohio 

C.  R.  Chevalier 
Retired   -Assistant   Engineer,   New   York,   New   Haven   &   Hartford   Railroad,    Dania,    Fla. 

R.  L.  Cook 
Retired   .Assistant    Chief    Engineer,    Central    of    Georgia   Railroad,  'Savannah,    Ga. 

A.   C.   Copland 
Retired    Office    Engineer,    Chesapeake   &    Ohio    Railway,    Kinsale,    Va. 

R.  E.  Coughlan 

Retired   Chief    Metallurgist   and    Engineer   of  Tests,   Chicago  &   North   Western   Railway,   Largo,    Fla. 

E.  B.  Crane 

Retired    Assistant    Chief    Engineer — Lines   West,    Chicago,    Milwaukee,    St.    Paul    &    Pacific 
Railroad,  Seattle,  Wash. 

G.  S.  Crites 

4400   I'ndcrwcMKl   Road,    Baltimore.   Md. 

J.    F.    DOBSON 
Supervisor   of    Contracts,    Baltimore   &   Ohio    Railroad,    Baltimore,    Md. 

P.  H.  Downward 

Woodstock   Farm,   Not.lingham,    Pa. 

W.  J.  Driscoll 

Retired    Assistant    Engineer,    Boston    &    Maine    Railroad,    Boston,    Ma.ss. 

F.  \V.  Drdstk 

Retired    Assistant    Engineer.    Maintenance    of    Way    Deparlnienl,    Chesapeake    Si    Ohio 

Railway,   Manas.sas,   \'a. 

J.  L.  Fergus 

Retired    .Assistant    Chief    Engineer,    Louisville   &    Na.shville    Railroad,    Nashville,    Tenn. 

C.  E.  GiPE 

Engineer    of    Operating    .Agreements,    Pennsylvania    Railroad.    Philadelphia,    Pa. 

G.  F.  Hand 

Retired    Assistant    to    Chief    Engineer,    New    York,    New    Haven    &    Hartford    Railroad, 

West  Haven,  Conn. 
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J.  H.   Hande 

Retired    Assistant    to    Vice    President,    Operations    and    Maintenance    Department, 

Baltimore   &   Ohio    Railroad,    Baltimore,    Md. 

W.  S.  Hanley 

Retired    Cliicf    Engineer,    St.    Louis    Soutiiwcstcrn    Railway,    Tyler,    Tex. 

C.  R.  Harding 

Retired   President,    The    Pullman    Company,    Easton,    Md. 

H.  H.  Harman 
Retired   Engineer   of   Track,    Bessemer   &    Lake    Erie    Railroad,    Greenville,    Pa. 

L.  M.  Harsh  a 

Retired   Special    Engineer,    St.    Louis-San    Francisco    Railway,    Springfield,    Mo. 

W.  L.  Hartzog 

Principal    Assistant   Engineer,    Atlantic    Coast    Line    Railroad,    Jacksonville,    Fla. 

J.    R.    HOULGRAVE 
Draftsman-Computer,    Southern    Pacific    Company — Texas    &    Louisiana    Lines,    Houston,    Tex. 

A.  A.  Jackson 

Retired    Chief    E.xecutive    Officer,    Florida    East    Coasit    Railway,    St.    Augustine,    Fla. 

Milton  Jarrell 

Retired   Engineer   of    Bridges,    Baltimore   &   Ohio   Railroad,    Baltimore,   Md. 

W.  D.  Keeney 

Bridge    Engineer,    American    Wood-Preservers'    Institute,    Elgin,    111. 

J.    L.    KiRBY 

Retired    Chief    Engineer   Maintenance   of   Way,    Seaboard    Air   Line   Railway,   Morristown,   N.   J. 

D.  A.    KUEBLER 

Retired    Division    Engineer,    Kansas    City    Southern    Railway,    Memphis,    Tenn. 

Paul  Lebenbaum 
Retired   Electrical    Engineer,    Southern    Pacific    Company,    San    Francisco,    Calif. 

M.  F.  MacRae 

Assistant    Engineer,    Chicago   &    North   Western    Railway,    Green    Bay,   Wis. 

R.    J.    McCOMB 
Retired    Vice    President,   Woodings-Verona   Tool    Works,    St.    Louis,    Mo. 

J.  P.  McGhee 

Supervisor    of    Track,    Pennsylvania    Railroad,    Coshocton,    Ohio 

F.  H.  McGuigan,  Jr. 

S  Roosevelt  Place,  Montclair,  N.  J. 

J.  S.  Moore 

Retired    Division    Engineer,    Southern    Railway    System,    Birmingham,    Ala. 

J.  R.  Nagel 
Retired    District    Engineer,    Missouri    Pacific    Railroad,    Pleasanton,    Tex. 

E.   C.  Oyler 

Retired    Supervisor    of    Track,    Pennsylvania    Railroad,    Chambersburg,    Pa. 

E.  S.  Pennebaker 

Retired    Consultant,    Texas    Pacific — Missouri    Pacific    Terminal    Railroad    of    New    Orleans. 

New  Orleans,  La. 

H.  R.  Peterson 
Retired   Chief   Engineer,   Northern    Pacific   Railway,    Portland,    Ore. 
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J.  L.  Pickles 

Retired    Superintendent,    Duluth,    Winnipeg    &    Pacific    Railway,    Jacksonville,    Fla. 

V.    B.    VV.    POULSEN 
Retired    Office    Engineer,    Chesapeake   &   Ohio   Railway,    Ware   Neck,    Va. 

VV.  E.  QuiNN 

Principal     Assistant    Engineer-   Administrative,     Louisville    &     Nashville     Railroad, 
Louisville,   Ky. 

Retired    Assistant    to    President,    Kansas    City   Southern    Railway;    Louisiana   &    Arkansas 

A.  N.  Reece 

Railroad,  Kansas  City,  Mo. 

Albert  Reichmann 
Retired    Vice    President,    American    Bridge    Company,    Giencoe,    III. 

A.  P.  Richards 
President   and   Director   of   Research,   W.    F.    Clapp   Laboratories,   Inc.,   Duxbury,    Mass. 

H.  C.  Robert,  Jr. 
Manager,    Special    Department,    Robert   &   Company   Associates,   Atlanta,    Ga. 

R.  O.  Rote 

Retired    Assistant    to    General    Manager,    New    York    Central    System,    Cleveland,    Ohio 

O.  H.  Sessions 
Retired  Engineer  Maintenance  of  Way,   Detroit  &  Toledo  Shore  Line  Railroad,  Monroe,  Mich. 

H.  B.  Spencer 
2012  Massachusetts  Ave.,  N.  W.,  Washington,  D.  C. 

Ray  Stephens 
Retired    Engineer    Maintenance    of    Way,    Toledo    Terminal    Railroad,    Toledo,    Ohio 

T.  G.  Sughrue 
Retired   President,    Boston    &    Maine    Railroad,    Swampscott,    Mass. 

VV.  M.  Vandersluis 

Retired   General   Superintendent   Telegraph   and   Signals,   Illinois   Central   Railroad, 

Rancho  Santa  Fe,  Calif. 

J.  C.  Wallace 

Retired   Vice   President   Operation,   New   York,   Chicago  &  St.   Louis  Railroad,   Cleveland,   Ohio 

A.  M.  Westenhoff 
Retired  Engineer  of   Construction,   New   York   Central   System,   Glen   Ellyn,   111. 

H.  F.  Whitmore 
Retired    Chief    Engineer,    New    York,    Chicago   &   St.    Louis    Railroad,    Rocky    River,    Ohio 

H.  G.  WniTTET,  Jr. 
Retired    Assistant   Office    Engineer,    Chesapeake   &   Ohio   Railway,    Richmond,    Va. 
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FINANCIAL  STATEMENT   FOR   CALENDAR  YEAR 
ENDING  DECEMBER  31,  1963 

Balance  on  hand  January  1,   1963   $145,732.83 

Receipts 
Membership  Account 

Entrance   Fees    $  3,040.00 

Dues     42,083.82     $45,123.82 

Sales  of  Publications 

Proceedings     1,561.70 

Bulletins     2,042.06 

Manuals     9,321.73 

Track    Plans     1,754.70 

Specifications    1,147.03       15,827.22 

Advertising 
Publications    6,109.10 

Interest  Account 

Interest  on   Investments    4,903.82 

Interest  on   Special   Account    148.41         5,052.23 

Miscellaneous    1,541.11 

Total    73,653.48 

DISBURSEMENTS 

Salaries     $28,530.96 

Bulletins   and   Proceedings    17,836.29 

Stationery  and  Printing    2,313.34 

Rent    1,140.00 

Postage     2,200.00 

Supplies      433.34 

Audit    400.00 

Pension    300.00 

Social  Security   and  Unemployment  Taxes   1,483.43 

Manual     4,378.44 

Refunds      278.50 

Committee  and  Officers  Expenses    366.57 

News    Letter    1,908.23 

Annual    Meeting    2,985.74 

Miscellaneous    1,100.60 

Total     $65,655.44 

Excess  of  Receipts  over  Disbursements   7,998.04 

Loss  on   Sale   of   Securities    501.55         7,496.49 

Balance  on  hand  December  31,   1963    $153,229.32 

REPORT  OF  THE  TREASURER 

To   THE  Members: 

Balance  on  Hand,  January   1,   1963    $145,732.83 

Receipts    during    1963    $73,653.48 

Paid  out  on  Audited  Vouchers   65,655.44 

Loss  on  Sale  of  Securities   501 .55 

Excess  of  Receipts  over  Disbursements   7,496.49 
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Balance  on  Hand  December  31,   1963 

Consisting  of   Bonds  at   Cost    149,2 1 1 .48 

Cash  in  Northern  Trust  Co-Credit  Balance    1,846.52 

♦Special  deposit  in   Northern   Trust   Co 5,839.36 

Petty    Cash     25.00     $153,229.32 


*Includes  $148.41  earned  intere.st. 


We  have  made  an  examination  of  the  accounts  of  the  .American  Railway  Engineering 
Association  for  the  year  ending  December  31,  1963,  and  found  them  to  be  in  accord- 
ance  with   the   foregoing  statement. 

E.  N.  Thomas, 
C.  A.  BicK, 

Auditors. 


GENERAL  BALANCE  SHEET 

Assets:                                                                                                       1963  1962 
Cash  in  Northern  Trust  Co., 

Commercial    Account-Credit     Balance     $     1,846.52'$     7,696.15 

Special    Account    $5,690.95 

Interest    on    Spec.   Acct 148.41         5,839.36 

Petty    Cash     25.00  25.00 

Due    from    members    56.50  26.00 

Due  from  sale  of  publications    36.00  24.50 

Due   from   advertising    924.80  842.80 

Prepaid    postage    73.05  44.51 

Furniture  and  Fixtures   1,000.00  1,000.00 

Inventories: 

Publications    (estimated)     500.00  500.00 

Manuals     9,161.00  ll,65Q.OO 

Track    Plans     588.00  2,146.40 

Binders,  index  and   chapter    87.50  135.00 

Investments    (cost)     149,211.48  153,403.98 

Interest  accrued  on  investments   928.51  958.51 

Totals     $166,584.68  $163,069.45 

Liabilities: 

Members  dues  paid  in  advance    $       441.00  $        539.50 

Surj)lus     166,143.68  162,529.95 

Totals     $166,584.68  $163,069.45 

STATEMENT   OF   CASH    RECEIPTS   AM)   DISBURSEMENTS   YEAR    1963 

Commercial  Special 

Account  Account 

Cash  in  Bank,  January  1,  1963   Cr.  Bal.     $7,606.15 

Receipts: 

From  members,  sales  of  puiilications,  interest,  etc..  .$73,505.07  $    148.41 

Disburements: 

Audited   vouchers    65,655.44 

Transfer   of    funds    2,000.00  2,000.00 

Excess  Receipts  over  Disbursements   5,849.03 

Securities    called    ifi90.9^ 

Cash  in  Bank  December  31,  1963   Cr.  Bal.     $1,846.52  $5,839.36 


American  Railway  Engineering 
Association 


CONSTITUTION 

Revised  to  July  10,  1962 


Article  I 
Name,  Object  and  Location 

1.  Name 

The  name  of  this  Association  shall  be  the  AMERICAN  RAILWAY  ENGINEERING 
ASSOCIATION. 

2.  Object 

The  object  of  the  Association  shall  be  the  advancement  of  knowledge  pertaining 
to  the  scientific  and  economic  location,  construction,  operation  and  maintenance  of 
railways. 

3.  Means  to  be  Used 

The  means  to  be  used  for  this  purpose  shall  be: 

(a)  The  investigation  of  matters  pertaining  to  the  object  of  the  Association  through 
Study  and  Research  Committees. 

(b)  Meeting  for  the  presentation  and  discussion  of  papers,  and  for  action  on  the 
recommendations  of  committees. 

(c)  The  publication  of  papers,  reports  and  discussions. 

4.  Conclusions 

The  conclusions  adopted  by  the  Association  shall  be  recommendatory. 

5.  Location 

The  office  of  the  Association  shall  be  located  in  Chicago,  111. 

Article  II 

Membership 

1.  Classes 

The  membership  of  this  Association  shall  be  divided  into  five  classes:  Members, 
i.ife  Members,  Honorary  Members,  Associates  and  Junior  Members. 

2.  Qualifications 

A.  General 

(a)  An  applicant  to  be  eligible  for  membership  in  any  class  other  than  that  ol 
Junior  Member  shall  be  not  less  than  25  years  of  age. 

(b)  To  be  eligible  for  membership  in  any  class,  or  for  retention  of  membership  as  a 
Member,  an  Associate  or  a  Junior  Member,  a  person  shall  not  be  engaged  directly  or 
primarily  in  the  sale  to  the  railways  of  appliances,  supplies,  patents  or  patented  services. 

(c)  The  right  to  membership  shall  not  be  terminated  by  retirement  from  active 
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(d)  In  determining  the  eligibility  for  membership  in  any  class,  graduation  in  engineer- 
ing from  a  school  of  recognized  standing  shall  be  considered  as  equivalent  to  three  yean 
of  active  practice,  and  satisfactory  completion  of  each  year  of  work  in  such  school, 
without  graduation,  shall  be  considered  as  equivalent  to  one-half  year  of  active  practice. 

(e)  In  determining  the  eUgibility  for  Member  under  Section  B  (a)  of  this  Article, 
each  year  of  practical  experience  in  engineering,  or  in  science  related  thereto,  prior  to 
employment  on  a  railway,  if  such  experience  were  of  the  same  specialized  character  as 
the  current  work  of  the  appHcant,  shall  be  considered  as  equivalent  to  one  year  of 
railway  service. 

B.  Member 

A   Member  shall  be: 

(a)  An  engineer  or  officer  in  the  service  of  a  railway  corporation  that  is  a  common 
carrier,  who  has  had  not  less  than  five  years'  experience  in  the  location,  construction, 
operation  or  maintenance  of  railways. 

(b)  A  dean,  professor,  assistant  professor,  or  equivalent  in  engineering  in  a  university 
or  college  of  recognized  standing,  or  an  instructor  or  equivalent  in  such  university  or 
college,  who,  with  an  engineering  degree,  has  had  at  least  two  years'  experience  in 
teaching  engineering. 

(c)  An  engineer  or  member  of  a  public  board,  commission  or  other  official  agency 
who,  in  the  discharge  of  his  regular  duties,  deals  with  railway  problems. 

(d)  An  editor  of  a  trade  or  technical  magazine  who,  in  the  discharge  of  his  regular 
duties,  deals  with  railway  problems,  and  who  has  had  the  equivalent  of  five  years' 
engineering  or  railway  experience. 

(e)  A  consulting  engineer,  engaged  in  private  practice,  or  an  engineer  in  his  employ 
or  in  the  employ  of  a  consulting  engineering  organization,  who  has  had  the  equivalent 
of   five  years'  engineering  experience. 

C.  Life  Member 

A  Life  Member  shall  be  a  Member  or  an  Associate  who  has  paid  dues  for  35  years, 
or  who  has  been  retired  under  a  recognized  retirement  plan  and  has  paid  dues  for  not 
less  than  25  years. 

D.  Honorary  Member 

(a)  An  Honorary  Member  shall  be  a  person  of  acknowledged  eminence  in  railway 
engineering  or  management. 

(b)  The  number  of  Honorary  Members  shall  be  limited  to  ten. 

E.  Associate 

An  Associate  shall  be: 

(a)  An  engineer  of  a  railway  which  is  essentially  an  adjunct  of  an  industry,  or 
which  is  used  primarily  to  transport  the  products  and  materials  of  an  industry  to  and 
from  a  railway  which  is  a  common  carrier. 

(b)  A  person  qualified  by  training  and  experience  to  cooperate  with  Members  in  the 
object  of  this  .Association,  but  who  is  not  qualified  to  become  a  Member. 

F.  Junior  Member 

(a)  A  Junior  Member  shall  be  not  less  than  21  years  of  age  and  shall  be  an 
engineering  employee  of  a  railway  corporation  who  has  had  not  less  than  three  years 
of  experience  in   the  location,  construction,  operation  or  maintenance  of  railways. 

(b)  His  membership  in  this  classification  in  the  Association  shall  terminate  at  the 
end  of  the  calendar  year  in  which  he  becomes  .^0  years  of  age. 

(c)  He  may  make  application  for  membership  other  than  as  a  Junior  Member  at 
any  time  when  he  becomes  eligible  lo  do  so. 

Hull.  .'><^6 
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3.  Transfers 

Ttie  Board  of  Direction  shall  transfer  from  one  class  of  membership  to  another, 
or  may  remove  from  membership,  any  person  whose  qualifications  so  change  as  to 
warrant  such  action. 

4.  Rights 

(a)  Members,  and  Life  Members  who  were  formerly  Members,  shall  have  all  the 
rights  and  privileges  of  the  Association.  Life  Members  who  were  formerly  Associates 
shall  continue  to  have  all  the  rights  and  privileges  of  Associates. 

(b)  Honorary  Members  shall  have  all  the  rights  and  privileges  of  the  Association 
except  those  of  holding  elective  office,  provided,  however,  that  Members  or  Life  Members 
who  are  elected  Honorary  Members  shall  retain  all  the  rights  and  privileges  of  the 
Association. 

(c)  Associates  and  Junior  Members  shall  have  all  the  rights  and  privileges  of  the 
Association  except  those  of  voting  and  holding  elective  office. 


Article  HI 
Admission,  Resignation,  Expulsion  and  Reinstatement 

1.  Charter  Membership 

The  Charter  Membership  of  this  Association  consists  of  all  persons  elected  to  mem- 
bership before  March   15,   1900. 

2.  Application  for  Membership 

(a)  A  person  desirous  of  membership  in  this  Association  shall  make  application 
upon  the  form  provided  by  the  Board  of  Direction.  In  the  event  that  Junior  Membership 
is  desired,  the  applicant  shall  so  state. 

(b)  The  applicant  shall  give  the  names  of  at  least  three  Members  of  this  Asso- 
ciation to  whom  personally  known.  Each  of  these  Members  shall  be  requested  by  the 
Executive  Secretary  of  the  Association  to  certify  to  a  personal  knowledge  of  the  applicant 
with  an  opinion  of  the  applicant's  qualifications  for  membership. 

(c)  If  an  applicant  is  not  personally  known  to  as  many  as  three  Members  of  this 
Association,  the  names  of  well-known  persons  engaged  in  railway  or  allied  professional 
work  to  whom  he  is  personally  known  shall  be  substituted,  as  necessary,  to  provide  a 
total  of  at  least  three  references.  Each  of  these  persons  shall  be  requested  by  the  Executive 
Secretary  of  the  Association  to  certify  to  a  personal  knowledge  of  the  applicant,  with  an 
opinion  of  the  applicant's  qualifications  for  membership. 

(d)  No  further  action  shall  be  taken  upon  the  application  until  replies  have  been 
received  from  at  least  three  of  the  persons  named  by  the  applicant  as  references. 

3.  Election  to  Membership 

(a)  Upon  completion  of  the  application  in  accordance  with  Section  2  of  this  Article 
the  Board  of  Direction  through  its  Membership  Committee  shall  consider  the  application 
and  make  such  investigation  as  it  may  consider  desirable  or  necessary. 

(b)  Upon  completion  of  such  consideration  and  investigation,  each  member  of  the 
Board  of  Direction  shall  be  supplied  with  the  required  information,  together  with  the 
recommendation  of  the  Membership  Committee  as  to  the  class  of  membership,  if  any, 
to  which  the  applicant  is  eligible,  and  the  admission  of  the  applicant  shall  be  canvassed  by 
ballot  among  the  members  of  the  Board  of  Direction. 
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(c)  In  the  event  that  an  application  has  been  made  under  the  provisions  of  Section  2, 
Paragraphs  (a)  and  (b)  of  this  Article,  a  two-thirds  affirmative  vote  of  the  entire  Board 
of  Direction  shall  be  required  for  election. 

(d)  In  the  event  that  an  application  has  been  made  under  the  provisions  of  Section 

2,  Paragraphs   (a)   and   (c)   of  this  Article,  a  unanimous  affirmative  vote  of  the  entire 
Board  of  Direction  shall  be  required  for  election. 

4.  Subscription  to  the  Constitution 

An  applicant  for  any  class  of  membership  in  this  Association  shall  declare  his  willing- 
ness to  abide  by  the  Constitution  of  the  Association  in  his  application  for  membership. 

5.  Honorary  Member 

A  proposal  for  Honorary  Membership  shall  be  endorsed  by  ten  or  more  Members 
of  the  Association  and  a  copy  furnished  each  member  of  the  Board  of  Direction.  The 
nominee  shall  be  declared  an  Honorary  Member  upon  receiving  a  unanimous  vote  of  the 
entire  Board  of  Direction. 

6.  Resignation 

The  Board  of  Direction  shall  accept  the  resignation,  tendered  in  writing,  of  any 
person  holding  membership  in  the  Association  whose  obligations  to  the  Association  have 
been  fullilled. 

7.  Expulsion 

Charges  of  misconduct  on  the  part  of  anyone  holding  membership  in  this  Association, 
if  in  writing  and  signed  by  ten  or  more  Members,  may  be  submitted  to  the  Board  of 
Direction  for  examination  and  action.  If,  in  the  opinion  of  the  Board  action  is  war- 
ranted, the  person  complained  of  shall  be  served  with  a  copy  of  such  charges  and  shall 
be  given  an  opportunity  to  answer  them  to  the  Board  of  Direction.  After  such  oppor- 
tunity has  been  given,  the  Board  of  Direction  shall  take  final  action.  A  two-thirds 
affirmative  vote  of  the  entire  Board  of  Direction  shall  be  required  for  expulsion. 

8.  Reinstatement 

(a)  A  person  having  been  a  Member,  an  Associate  or  a  Junior  Member  of  this 
Association  and  having  resigned  such  membership  while  in  good  standing  may  be 
reinstated  by  a  two-thirds  affirmative  vote  of  the  entire  Board  of  Direction 

(b)  A  person  having  been  a  Member,  an  Associate  or  a  Junior  Member  of  this 
.Association  and  havin;:;  forfeited  membership  under  the  provision.s  of  Article  IV.  Section 

3,  may,  upon  such  conditions  as  may  be  fLxcd  by  the  Board,  be  reinstated  by  a  two-thirds 
affirmative  vote  of  the  entire  Board  of  Direction. 


Article  IV 

Dues 
1.  Entrance  Fee 

(a)  An  entrance  fee  of  $10  shall  be  payable  to  the  Association  with  each  application 
for  membership  other  than  Junior  Membership.  This  sum  shall  be  returned  to  an  applicant 
not  elected. 

(b)  No  entrance  fee  shall  be  required  for  Junior  Membership,  except  that  a  Junior 
Member,  in  transferring  to  another  class  of  membership,  shall  pay  the  entrance  fee 
prescribed  for  other  classes  of  Membership. 
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2.  Annual  Dues 

(a)  The  annual  dues  for  each  Member  and  each  Associate  shall  be  $15. 

(b)  The  annual  dues  for  each  Junior  Member  shall  be  $5. 

(c)  Life  Members  and  Honorary  Members  shall  be  exempt  from  the  payment  of 
dues.  Life  Members  desiring  to  continue  to  receive  the  Bulletins  and  Proceedings  of  the 
Association  may  do  so  by  paying  a  subscription  fee  prescribed  by  the  Board  of  Direction 

3.  Arrears 

A  person  whose  dues  are  not  paid  before  April  1  of  the  current  year  shall  be  notified 
by  the  Executive  Secretary.  If  the  dues  are  still  unpaid  on  July  1,  further  notice  shall  be 
given,  informing  the  person  that  he  is  not  in  good  standing  in  the  Association.  If  the  dues 
remain  unpaid  by  October  1,  the  person  shall  be  notified  that  he  will  no  longer  receive 
the  publications  of  the  Association.  If  the  dues  are  not  paid  by  December  31,  the  person 
shall  forfeit  membership  without  further  action  or  notice,  except  as  provided  for  in 
Section  4  of  this  Article. 

4.  Remission  of  Dues 

The  Board  of  Direction  may  extend  the  time  of  payment  of  dues,  and  may  remit 
the  dues  of  any  Member,  Associate  or  Junior  Member  who,  for  good  reason,  is  unable 
to  pay  them. 

Article  V 
Officers 

1.  Officers 

(a)  The  officers  of  the  Association  shall  be  a  President,  two  Vice  Presidents, 
twelve  Directors,  an  Executive  Secretary  and  a  Treasurer. 

(b)  The  President,  the  Vice  Presidents  and  the  Directors,  together  with  the  two 
latest  living  Past  Presidents  continuing  to  be  Members,  shall  constitute  the  Board  of 
Direction,  in  which  the  government  of  the  Association  shall  be  vested;  they  shall  act 
as  the  trustees  and  have  the  custody  of  all  property  belonging  to  the  Association.  The 
President,  the  Vice  Presidents  and  the  Directors  shall  be  Members. 

(c)  The  Executive  Secretary  and  the  Treasurer  shall  be  appointed  by  the  Board  of 
Direction. 

2.  Term  of  Office 

The  term  of  office  of  the  President  shall  be  one  year,  of  the  Vice  Presidents  two 
years  and  of  the  Directors  three  years.  The  term  of  each  shall  begin  at  the  close  of 
the  annual  convention  at  which  elected  and  continue  until  a  successor  is  qualified. 
All  other  officers  and  employees  shall  hold  office  or  position  at  the  pleasure  of  the  Board 
of  Direction. 

3.  Officers  Elected  Annually 

(a)  There  shall  be  elected  at  each  annual  convention  a  President,  one  Vice  President 
and  four  Directors. 

(b)  The  candidates  for  President  and  for  Vice  President  shall  be  selected  from 
the  members  or  past  members  of  the  Board  of  Direction. 

4.  Conditions  of  Re-election  of  Officers 

A  President  shall  be  ineligible  for  re-election,  except  as  provided  for  in  Section  S  (e) 
of  this  Article.  Vice  Presidents  and  Directors  shall  be  ineligible  for  re-election  to  the  same 
office,  except  as  provided  for  in  Section  S  (e)  of  this  Article,  until,  at  least  one  full 
term  has  elapsed  after  the  end  of  their  respective  terms. 
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5.  Vacancies  in  Offices 

(a)  If  a  vacancy  should  occur  in  the  office  of  President,  as  set  forth  in  Section  6 
of  this  Article,  the  senior  Vice  President  shall  immediately  and  automatically  become 
President  for  the  unexpired  term. 

(b)  If  a  vacancy  should  occur  in  the  office  of  the  senior  Vice  President,  due  to 
advancement  under  Section  5  (a)  of  this  Article,  or  for  reasons  set  forth  in  Section  6 
of  this  Article,  the  junior  Vice  President  shall  automatically  become  senior  Vice  President 
for  the  unexpired  term. 

(c)  If  a  vacancy  should  occur  in  the  office  of  the  junior  Vice  President,  due  to 
advancement  under  Section  5  (b)  of  this  Article,  or  for  reasons  set  forth  in  Section  6 
of  this  Article,  the  Board  of  Direction  shall  by  the  affirmative  vote  of  two-thirds  of  its 
entire  membership,  select  a  junior  Vice  President  from  the  members  or  past  members 
of  the  Board  of  Direction. 

(d)  A  vacancy  in  the  office  of  Director,  due  to  advancement  of  a  Director  to  junior 
Vice  President  under  Section  5  (c)  of  this  Article,  or  for  reasons  set  forth  in  Section  6 
of  this  Article,  shall  be  filled  by  the  Board  of  Direction  by  the  affirmative  vote  of 
two-thirds  of  its  entire  membership. 

(e)  .^n  incumbent  in  any  office  for  an  unexpired  term  shall  be  eligible  for  re-election 
to  the  office  held;  provided,  however,  that  anyone  selected  to  fill  a  vacancy  as  Director 
shall  be  eligible  for  election  to  that  office,  excepting  that  such  appointee  filling  out  an 
unexpired  term  of  two  years  or  more  shall  be  considered  as  coming  within  the  provisions 
of  Section  4  of  this  Article. 

6.  Vacation  of  Office 

(a)  In  the  event  of  the  death  of  an  elected  officer,  or  his  resignation  from  office, 
or  if  he  should  cease  to  be  a  Member  of  the  Association  as  provided  in  Section  2  (B), 
Article  II;  Section  6  or  7,  Article  III;  or  Section  3,  Article  IV,  the  office  shall  be  con- 
sidered as  vacated. 

(b)  In  the  event  of  the  disability  of  an  officer  or  neglect  in  the  performance  of  duty 
by  an  officer,  the  Board  of  Direction,  by  the  affirmative  vote  of  two-thirds  of  its  entire 
membership  shall  have  the  power  to  declare  the  office  vacant. 

Article  VI 
Nomination  and  Election  of  Officers 

1.  Nominating  Committee 

(a)  There  shall  be  a  Nominating  Committee  composed  of  the  five  latest  living  Past 
Presidents  of  the  Association,  who  are  Members,  and  five  Members  who  are  not 
officers. 

(b)  The  five  Members  who  are  not  Past  Presidents  shall  be  elected  annually  for  a 
term  of  one  year,  when  the  officers  of  the  Association  are  elected. 

(c)  The  senior  Past  President  who  is  a  member  of  the  committee  shall  be  the 
chairman  of  the  committee.  In  the  absence  of  the  senior  Past  President  from  a  meeting 
of   the  committee   the   Past   President  next   in   seniority   present   shall   act   as  chairman. 

2.  Method  of  Nominating 

(a)  At  least  three  months  prior  to  the  annual  convention,  the  Chairman  shall  call 
a  meeting  of  the  committee  at  a  convenient  place,  at  which  nominees  for  the  several 
elective  offices  shall  be  selected  as  follows: 


920  Constitution 


Number  of  Candi- 

Number  of  Candi-  dates  to  be 

dates  to  be  named  elected  at  the 

by  the  Nominating  Annual  Election 

Office  to  be  Filled                                            Committee  of  Officers 

President    1  1 

Vice    President    1  I 

Directors    8  4 

Nominating  Committee   10  5 

(b)  The  Chairman  of  the  Nominating  Committee  shall  send  the  names  of  the 
nominees  to  the  President  and  Executive  Secretary  within  IS  days  after  the  meeting 
of  the  Nominating  Committee,  and  the  Executive  Secretary  shall  report  the  names  of 
these  nominees  to  the  members  of  the  Association  not  less  than  60  days  prior  to  the 
annual  convention. 

(c)  At  any  time  prior  to  30  days  before  the  annual  convention,  any  ten  or  more 
Members  may  send  to  the  Executive  Secretary  additional  nominations  for  any  elective 
office  for  the  ensuing  year,  signed  by  such  Members. 

(d)  If  any  person  nominated  shall  be  found  by  the  Board  of  Direction  to  be 
ineligible  for  the  office  for  which  nominated,  or  should  a  nominee  decline  such  nomination, 
his  name  shall  be  withdrawn.  The  Board  of  Direction  may  fill  any  vacancies  that  may 
occur  in  the  list  of  nominees  up  to  the  time  the  ballots  are  sent  out. 

3.  Ballots  Issued 

Not  less  than  thirty  days  prior  to  each  annual  convention,  the  Executive  Secretary 
shall  issue  a  ballot  to  each  voting  Member  of  record  who  has  paid  his  dues  to  or  beyond 
December  31  of  the  previous  year,  listing  the  several  candidates  to  be  voted  upon.  When 
there  is  more  than  one  candidate  for  any  office,  the  names  shall  be  arranged  on  the 
ballot  in  the  order  that  shall  be  determined  by  lot  by  the  Nominating  Committee.  The 
ballot  shall  be  accompanied  by  a  statement  giving  for  each  candidate  his  record  of 
membership  and  activities  in  this  Association. 

4.  Substitution  of  Names 

Members  may  remove  names  from  the  printed  ballot  list  and  may  substitute  the  name 
or  names  of  any  other  person  or  persons  eligible  for  any  office,  but  the  number  of  names 
voted  for  each  office  on  the  ballot  must  not  exceed  the  number  to  be  elected  at  that 
time  to  such  office. 

5.  Ballots 

(a)  Ballots  shall  be  placed  in  an  envelope,  sealed  and  endorsed  with  the  name  of 
the  voter,  and  mailed  to  or  deposited  with  the  Executive  Secretary  at  any  time  previous 
to  the  closure  of  the  polls. 

(b)  A  voter  may  withdraw  his  ballot,  and  cast  another,  at  any  time  before  the  polls 
close. 

(c)  Ballots  received  in  unendorsed  envelopes,  or  from  persons  not  qualified  to  vote, 
shall  not  be  counted. 

(d)  The  ballots  and  envelopes  shall  be  preserved  for  not  less  than  ten  days  after 
the  vote  is  canvassed. 

6.  Closure  of  Polls 

The  polls  shall  be  closed  at  12  o'clock  noon  on  the  first  day  of  the  annual  con- 
vention, and  the  ballots  shall  be  counted  by  tellers  appointed  by  the  presiding  officer. 
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7.  Election 

(a)  The  persons  who  shall  receive  the  highest  number  of  votes  for  the  offices  for 
which  they  are  candidates  shall  be  declared  elected. 

(b)  In  case  of  a  tie  between  two  or  more  candidates  for  the  same  office,  the 
Members  present  at  the  annual  convention  shall  elect  the  officer  by  ballot  from  the 
candidates  so  tied. 

(c)  The  presiding  officer  shall  announce  at  the  convention  the  names  of  the  officers 
elected  in  accordance  with  this  Article. 


Article  VII 

Management 

1.  President 

The  President  shall  have  general  supervision  of  the  affairs  of  the  Association,  shall 
preside  at  meetings  of  the  Association  and  of  the  Board  of  Direction,  and,  by  virtue 
of  his  office,  shall  be  a  member  of  all  committees,  except  the  Nominating  Committee. 

2.  Vice  Presidents 

The  Vice  Presidents,  in  order  of  seniority,  shall  preside  at  meetings  in  the  absence 
of  the  President. 

3.  Treasurer 

The  Treasurer  shall  pay  all  bills  of  the  Association  when  properly  certified  by  the 
Executive  Secretary  and  approved  by  the  Finance  Committee.  He  shall  make  an  annual 
report  as  to  the  financial  condition  of  the  Association  and  such  other  reports  as  may  be 
called  for  by  the  Board  of  Direction. 

4.  Executive  Secretary 

The  Executive  Secretary,  under  the  direction  of  the  President  and  Board  of  Direc- 
tion shall  be  the  Executive  Officer  of  the  Association  and  shall  attend  the  meetings  of  the 
Association  and  of  the  Board  of  Direction,  prepare  the  business  therefor,  and  record  the 
proceedings  thereof.  The  Executive  Secretary  shall  see  that  all  money  due  the  Associa- 
tion is  collected,  is  credited  to  the  proper  accounts,  and  is  deposited  in  the  designated 
depository  of  the  Association,  with  receipt  to  the  Treasurer  therefor.  He  shall  personally 
certify  to  the  accuracy  of  all  bills  and  vouchers  on  which  money  is  to  be  paid.  He  shall 
invest  all  funds  of  the  Association  not  needed  for  current  disbursements,  as  shall  be 
recommended  by  the  Finance  Committee  and  approved  by  the  Board  of  Direction,  with 
notification  to  the  Treasurer  of  such  investments.  The  Executive  Secretary  shall  conduct 
the  correspondence  of  the  Association,  make  an  annual  report  to  the  Association,  and 
perform  such  other  duties  as  the  Board  of  Direction  may  prescribe. 

5.  Auditing  of  Accounts 

The  financial  accounts  of  the  Association  shall  be  audited  annually  by  an  accountant 
or  accountants  approved  by  and  under  the  direction  of  the  Finance  Committee. 

6.  Board  of  Direction  and  Executive  Committee 

(a)  The  Board  of  Direction  shall  manage  the  affairs  of  the  Association,  and  shall 
have  full  power  to  control  and  regulate  all  matters  not  otherwise  provided  for  in  the 
Constitution. 
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(b)  The  Board  of  Direction  shall  meet  within  thirty  days  after  each  annual 
convention,  and  at  such  other  times  as  the  President  may  direct.  Special  meetings  shall 
be  called  on  request,  in  writing,  of  five  members  of  the  Board  of  Direction. 

(c)  Seven  members  of  the  Board  of  Direction  shall  constitute  a  quorum. 

(d)  At  the  first  meeting  of  the  Board  of  Direction  after  the  annual  convention, 
the  President  shall  appoint  from  the  membership  of  the  Board,  subject  to  ratification 
by  the  Board,  four  members  to  serve  with  him  as  an  Executive  Committee  which  shall 
possess  and  may  exercise  during  intervals  between  meetings  of  the  Board,  all  of  the 
powers  of  the  Board  on  matters  which  in  the  judgment  of  a  majority  of  the  Executive 
Committee  cannot  properly  be  delayed  until  the  next  meeting  of  the  Board.  Actions 
of  the  Executive  Committee  shall  be  reported  to  the  Board  of  Direction  at  the  next 
meeting  of  the  Board.  The  President  shall  be  chairman  of  the  Executive  Committee. 
Actions  of  the  Executive  Committee  shall  be  authorized  by  a  concurring  majority  of 
its  full  membership.  Members  of  the  Executive  Committee  shall  serve  until  their  succes- 
sors are  appointed  or  until  the  Executive  Committee  is  dissolved  by  action  of  a  majority 
of  the  full  membership  of  the  Board  of  Direction.  Following  dissolution  of  the  Executive 
Committee  it  may  be  re-created  at  any  time  by  action  of  a  majority  of  the  full  mem- 
bership of  the  Board  of  Direction.  If  not  so  re-created  prior  to  the  next  annual  con- 
vention, the  Executive  Committee  shall  be  reconstituted  in  the  normal  manner  at  the 
first  meeting  of  the  Board  of  Direction  following  the  convention. 

7.  Administrative  Committees 

At  the  first  meeting  of  the  Board  of  Direction  after  the  annual  convention,  the 
following  Administrative  Committees,  each  consisting  of  not  less  than  three  members, 
shall  be  appointed  by  the  President.  The  personnel  of  these  committees  shall  be  subject 
to  approval  by  the  Board  of  Direction. 

Assignments 

Finance 

Manual 

Membership 

Personnel 

Publications 

Research 

Other  special  Administrative  Committees  may  be  appointed  by  the  President  at 
any  time,  and  reappointed  annually,  if  necessary,  their  personnel  being  subject  to 
approval  by   the  Board  of  Direction. 

Membership  on  Administrative  Committees  shall  be  restricted  to  members  of  the 
Board  of  Direction,  except  that  one  or  two  members  of  the  Administrative  Committee 
on  Research   may  be  past  members  of  the  Board  of  Direction. 

8.  Study  and  Research  Committees 

The  Board  of  Direction  may  establish  continuing  or  special  Study  and  Research 
Committees  to  investigate,  consider,  and  report  upon  subjects  appropriate  to  the  object 
of   the  Association,  as  set   forth  in   Art.  I. 

9.  Duties  of  Administrative  Committees 

(a)   Assignments 

The  Assignments  Committee  shall  review  and  pass  upon  the  recommendations  of 
Association  Study  and  Research  Committees  for  subjects  to  be  investigated,  considered 
and    reported   on   by    these   committees   during   the  ensuing   Association   year,   and   shall 
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report  thereon  to  the  Board  of  Direction  for  its  approval.  The  Assignments  Committee 
shall  have  authority  to  assign  additional  subjects  or  change  the  scope  of  any  existing 
subjects  at  any  time  during  the  year,  reporting  its  action  thereon  to  the  Board  at  its 
next  regular  meeting. 

(b)  Finance 

The  Finance  Committee  shall  have  immediate  supervision  of  the  accounts  and 
financial  affairs  of  the  Association;  shall  approve  all  bills  before  payment,  and  shall 
make  recommendations  to  the  Board  of  Direction  as  to  the  investment  of  funds  and 
other  financial  matters.  The  Finance  Committee  shall  not  have  the  power  to  incur 
debts  or  other  obligations  binding  the  Association,  nor  authorize  the  payment  of  money 
other  than  the  amounts  necessary  to  meet  ordinary  current  expenses  of  the  Association, 
except  by  authority  of  the  Board  of  Direction. 

(c)  Manual 

The  Manual  Committee,  with  the  assistance  of  the  Publications  Committer,  shall 
have   general   supervision   over   the   Manual. 

(d)  Membership 

The  Membership  Committee  shall  investigate  applicants  for  membership  and  shall 
make  recommendations  to  the  Board  of  Direction  with  reference  thereto. 

(e)  Personnel 

The  Personnel  Committee  shall  review  and  pass  upon  applications  of  members 
for  appointment  to  Study  and  Research  Committees,  and  shall  also  appoint  the  chair- 
man and  vice  chairman  of  such  committees  and  make  a  report  thereon  to  the  Board 
of  Direction  for  its  approval.  Should  an  unexpected  vacancy  in  chairmanship  or  vice 
chairmanship  of  any  such  committee  occur,  the  Personnel  Committee  shall  have  author- 
ity to  fill  such  vacancy  Immediately,  reporting  its  action  thereon  to  the  Board  at  its 
next  regular  meeting. 

(f)  Publications 

The  Publications  Committee  shall  have  general  supervision  over  the  publications 
of  the  Association.  The  Publications  Committee  shall  not  have  the  power  to  incur 
debts  or  other  obligations  binding  the  Association,  nor  authorize  the  payment  of  money 
except   by   authority   of   the   Board   of   Direction. 

(g)  Research 

The  Research  Committee  shall  encourage  and  coordinate  the  research  activities  of 
the  .Association,  in  the  course  of  accomplishment  of  which  it  shall  review  and  pass 
upon  the  recommendations  of  Study  and  Research  Committees  for  research  projects  and 
shall  report  thereon  to  the  Board  of  Direction,  recommending  for  approval  specific 
projects  initiated  by  these  committees  or  by  the  Research  Committee  and  recommending 
allotments  of  funds  for  these  projects  in  the  research  budget  of  the  Association  of 
.American  Railroads  or  from  other  sources  compatible  therewith ;  shall  collaborate  closely 
with  the  research  staff  of  the  Association  of  American  Railroads;  and  when  called  upon 
by  the  Vice  President — Research  or  the  Vice  President — Operations  and  Maintenance 
of  that  assocbtion.  members  of  the  Research  Committee  shall  engage  in  the  activities 
of  advisory  committees  or  groups  of  that  organization  and  shall  report  from  time  to 
time  to   the  Board  of   Direction  on  those  activities. 

10.  Special  Committees 

The  Board  of  Direction  may  appoint  special  committees  to  examine  into  and  report 
upon  any  subject  connected  with   the  objects  of  this  Association. 
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11.  Discussion  by  Non-Members 

Tlie  Board  of  Direction  may  invite  discussions  of  reports  from  persons  not  members 
of  the  Association. 

12.  Sanction  of  Act  of  Board  of  Direction 

An  act  of  the  Board  of  Direction  which  shall  have  received  the  expressed  or  implied 
sanction  of  the  membership  at  the  next  annual  convention  of  the  Association  shall  be 
deemed  to  be  the  act  of  the  Association. 

Article  VIII 
Meetings 
1.  Annual  Convention 

(a)  The  Annual  Convention  of  the  Association  shall  be  held  in  the  City  of  Chicago, 
111.,  or  in  such  other  city  as  may  be  determined  by  the  affirmative  vote  of  two-thirds 
of  the  entire  membership  of  the  Board  of  Direction.  The  convention  in  any  year  shall 
be  held  on  dates  determined  by  the  affirmative  vote  of  two-thirds  of  the  entire  mem- 
bership of  the  Board  of  Direction. 

(b)  The  Executive  Secretary  shall  notify  all  members  of  the  Association  of  the  tim( 
and  place  of  the  annual  convention  at  least  30  days  in  advance  thereof. 

(c)  The  order  of  business  at  the  annual  convention  of  the  Association  shall  be: 
Reading  of  the  minutes  of  the  last  meeting 

-Address  of  the  President 

Reports  of   the  Executive  Secretary   and  the  Treasurer 

Reports  of  committees 

Unfinished   business 

New  business 

Installation  of  officers 

Adjournment 

(d)  This  order  of  business  may  be  changed  by  a  majority  vote  of  Members  present 

(e)  The  proceedings  shall  be  governed  by  "Robert's  Rules  of  Order"  except  as 
otherwise  herein  provided. 

(f)  Discussioiis  shall  be  limited  to  Members  and  to  those  others  invited  by  the 
presiding  officer  to  speak. 

2.  Special  Meetings 

Special  meetings  of  the  Associations  may  be  called  by  the  Board  of  Directions  on  its 
own  initiative,  and  may  be  so  called  by  the  Board  of  Direction  upon  written  request 
of  100  Members.  The  request  shall  state  the  purpose  of  such  meeting. 

The  call  for  such  special  meeting  shall  be  issued  not  less  than  ten  days  in  advance 
of  the  proposed  date  of  such  meeting  and  shall  state  the  purpose  and  place  of  the 
meeting.  No  other  business  shall  be  taken  up  at  such  meeting. 

3.  Quorum 

Twenty-five  Members  shall  constitute  a  quorum  at  all  meetings  of  the  Association. 

Article  IX 
Amendment 
1.  Amendment 

Proposed  amendment  of  this  Constitution  shall  be  made  in  writing,  shall  be  signed 
by  not  less  than  ten  Members,  and  shall  be  acted  upon  'n  the  following  manner: 
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The  amendment  shall  be  presented  to  the  Executive  Secretary,  who  shall  send  a 
copy  to  each  member  of  the  Board  of  Direction  as  soon  as  received.  If  a  majority  of 
th«  entire  Board  of  Direction  so  votes,  the  matter  shall  be  submitted  to  the  Association 
by  letter  ballot. 

Sixty  days  after  the  date  of  issue  of  the  letter  ballot,  the  Board  of  Direction  shall 
canvass  the  ballots  which  have  been  received,  and  if  two-thirds  of  such  ballots  are  in 
the  affirmative  the  amendment  shall  be  declared  adopted  and  shall  become  effective  imme- 
diately. The  result  of  the  letter  ballot  shall  be  announced  to  members  of  the  Association. 


Advance   Report  of   Committee  3 — Ties  and  Wood   Preservation 

Report  on  Assignment  5 

Service  Records 

\V.  F.  Arksev  (chairman,  subcommittee),  A.  B.  Baker,  C.  M.  Burpee,  C.  E.  DeGeer. 
K.  C.  Edscorn,  M.  S.  Edwards,  F.  J.  Fudge,  W.  E.  Fuhr,  H.  M.  Harlow,  R.  P. 
Hughes,  C.  A.  Peebles,  R.  B.  Radkev,  J.  T.  Slocomb,  E.  F.  Snvder,  L.  S.  Strohl, 
J.  L.  Williams. 

Tie  Renewals  and  Cost  per  Mile  of  Maintained  Track 

The  annual  statistics  compiled  by  the  Bureau  of  Railway  Economics,  AAR,  pro- 
viding information  on  cross  tie  renewals  and  cost  data  for  1963  are  presented  herewith 
in  Tables  A  and  B. 

The  statistics  shown  in  the  1963  report  as  compared  to  the  1962  report  are  as 
follows: 

Total  Percent 

New  Wooden  Renewals         Reneliml 

Year                                                                               Tie  Renewals  Per  Mile  to  All  Ties 

1962     12,402,222  40  1.32 

1963     12,558,194*  41  1.34 

5-year  average,   1959   to    1963,  incl 42  1.38 

*  Includes   399    concrete   ties. 

The  average  cost  in  1962  was  $3.90  and  in  1963  was  $3.87.  As  noted  on  the  tables 
these  figures  represent  storekeepers  average  cost  of  ties  charged  out ;  they  are  not  the 
actual  cost  or  prices  paid  for  the  ties  purchased  during  the  period. 

The  percent  new  wood  cross  tie  renewals  remains  approximately  the  same  as  last 
year  and  approaches  quite  closely  the  average  for  the  last  five  years.  The  large  number 
of  second-hand  ties  being  recovered  from  abandoned  lines,  about  8  percent  of  total 
ties  placed,  reduces  the  percent  new  tie  renewals,  making  the  latter  figure  rather 
unrealistic. 

The  present  economic  condition  on  the  railroads  also  affects  this  figure  so  that  it 
does  not  entirely  indicate  tie  life,  although  present  treating  practices  and  design  of 
modern  track  structure  are  both  increasing  tie  life  considerably  over  that  of  only  20 
years  ago. 

% 
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CROSS  TIE  STATI 


Region  and  Road 


NEW  ENGLAND  REGIOM: 
Bangor  6.  Aroostook 
Boston  6.  Maine 
Canadian  Pacific  (li 
Central  Vermont 


Maine  Central 

New  York  Connect Ing 

New  York, New  Haven  &  Hartfo 


Total 


GREAT  LAKES  REGION: 
Ann  Arbor 
Delaware  &  Hudson 
Detroit  &  Toledo  Shore  Line 
Er  ie -Lackawanna 

Grand  Trunk  Western 

Lehigh  S,   Hudson  River 

Lehigh  Valley 

Monongahela 

New  York  Central 

New  York. Chicago  &  St .Louis 

New  York, Susquehanna  &  West 

Pittsburgh  &  Lake  Erie 

Pittsburgh  &  West  Virginia 

Wabash 

Total 


CENTRAL  EASTERN  REGION: 
Akron,  Cant  on  6.  Youngs  town 
Baltimore  i  Ohio 
Bessemer  &  Lake  Erie 
Central  R.R.of  New  Jersey 
Eastern  Illinois 


a£o_ 


Chicago  &  Illinois  Midland 
Detroit , Toledo  &  Ironton 
Elgin, Jollet  6.  Eastern 
Illinois  Terminal 
Long  Island 


ri-IUinois 
Monon 

Pennsylvania 
Penna . -Reading  Seashore 
Reading  Compa 


Staten  Island  Rapid  Tr 
rn  Maryland 


Total 


SOUTHERN  REGION: 
Alabama  Great  Southe 
Atlanta  &  St .Andrews 
Atlanta  6.  West  Point 
Atlantic  Coast  Line 
Carolina  &  Northwest 


Central  of  Georgia 
Cincinnati, New  Orlea 
Cllnchfield 
Florida  East  Coast 
Georgia 


Georgia  &  Florida 
Georgia  Southern  &  Florida 
Gulf, Mobile  &  Ohio 
Illinois  Central 
Louisville  &  Nashville 
New  Orleans  &  Northeastern 
Norfolk  Southern 
Piedmont  i  Northern 
Savannah  &  Atlanta 

Seaboard  Air  Line 

Southern 

Tennessee  Central 
Western  Ry.  of  Alabaoa 

Total 

POCAHONTAS  REGION: 
Chesapeake  &  Ohio 
Norfolk  &  Western 
Richmond, Fred 'burg  &  Potoo 

Total 


CROSS  TIE  STAimiCS    (EXCLUDIK  SWIOT  i 


B»IDG«    FOR  CLASS 


I  RMLKOADS  I«  i„j  ™„„  3j„,3  ^  ^^ 


CANADIAN  RAILROADS 


Region  and  Rq.j 

Wooden  c 

"'•"••" 



llll'. 

Ing  r.lUo.d 

Suii.s::: 

'm°,°\ 

X^^^:-^^       1 

Number          *^* 

IT     ' 

Hr_ 

- 

:i' 

IE' 

....1 

i 

rrl 

"ui" 

"'cm*' 

"r" 

B.ogor  &  Arooatook 
Boiton  &  Maine 

Central   Vermont              ""      "   "^'' 

73   U5          S3 
33   183            4 

:6o 

2    ^3;^; 

'iiiii 

iF 

\'i\z 

is' 

3'il 

100 

S374 

18.07c 

New  York  Connect  li\g 

I  623          s 
es  761            3 

29S  209           3 

.50 

3  i?dl 

82   375 
9  937  016 

2  992 

2  660  945 
228   136 

2  441 

2.13 

:87 

i 

249 

10.21 

GREAT  LAKES  RECION- 

Delaware  &  Hudson 

Detroit  &  Toledo  Shore  Line 

Erte-Lackawanna 

2  982          5 

1  055            4 

2  746            5 

29 
85 
08 

155.45 
5   875.07 
1   814.57 

449  950 

nil 

30  544  634 
I  082  218 

4  194 

:23 

J 

33 

:" 

Lehigh  Valley 
Honongahela 

33  233           3 

149  230            4 
88  759            4 

83 
16 

296 

102.17 

282  200 

3  041 

in  S5  i 

ii 

ii 

82 

2:86 

Pittsburgh  &  Lake  Erie 
Pittsburgh  &  West   Virginia 

43            4 
2   393           4 
1  719           5 
99  234          4 

38           15 
81             2 

905 
858 

207 

642.16 
3  099.99 

1   955  292 

2  905 

3  045 

98  3O2 

^TSt- 

-^51- 

32 

1 

.19 

.86 

Total 

448  892            4 

47          484 

547 

36   134.96 

110  724  998 

3  064 

235  899   300 

6  528 

.41 

12 

56 

.85 

CENTRAL  EASTERN  REGION- 

633  680            3 

28  218            2 
51    185            4 

22            19 
83 

09 

004 

1   254:50 

1   155  060 

72   '^l  III 

25 

72 

3:35 

AJcion. Canton  &  Youngscown 

Besseacr  &  Lake  Erie 
Central  R.R.of  New  Jersey 
ChlcaKo  &  Eaatern  Illinois 

l^'llunS™'''* 

22  663            3 

840 

163.62 

1  739  405 
1    129  920 

208 

33  235            J 
120  569            3 

592 

19  242^51 

641   706 
2  226   306 

1   311   190 

7   974 

.02 

64 

Weacern  Maryland 

57  922            4 

129  191 

5.12 

Total 

1  686  509            3 

92            47 

721 

39  463.52 

113  919  565 

2  887 

278  507   988 

7  057 

1.48 

43 

168 

2.3; 

SOUTHERN  REGION: 

14  783           4 
b  507  882       b   3 

85 
55 

78 

554.44 

136:31 

7  255.46 

301.80 

923  997 

3  062 

424  026 

178  781 

355" 

:o3 

52 

ii 

5:02 

:64 

Ati^"c^o!at   [ine' 

Central   of  Georgia 
Florida  East   Coast 

12  367           4 

2'' 

103 

2   215.01 
437  !97 

2  099  057 

1   666  560 

3  805 

:28 

2.75 

8 
83 

325 

:93 

Georgia  &  Florida 

Georgia  Southern  &  Florida 

460  806            4 

75 

803 

3  439:48 
8  143!55 

22  948  120 

3  050 
2  818 

58  801   352 
57  475  966 

4  286 

6  181 

7  058 

1.21 

1:59 
2.35 

38 
66 

131 

249 

3:52 

ii^Tiir""" 

19   890            5 

5  667:92 

17  079  191 

410- 

1  608  525 
40   151  733 

7  084 

2:36 

71 

286 

4:04 

u'.t.m  Ry.   of  AUb«». 

10  063            4 

^3^ 

e 

i'^l 

ll] 

ll 

304 

"'d 

P^AHIWTAS  RKIOH: 

258  681            3 
152   343            4 

93 

692 

405:48 

1   314  281 

3  005 

75  647  980 

9  179 
10  925 

M 

31 

1" 

il 

^_j5IJil__J 

"'"'            ' 

"    1       " 

'" 

"'"'"- 

41   975   919 

'  °" 

138  505   793 

10  055 

L^ 

ZDjli 

J^ 

Region  and  Road 


NORTHWESTERN  REGION: 


Chicago  &  North  Western 
Chicago  Great  Western 
Chicago , Mllw.  , St  .Paul  6.  Pac 
Duluth.Mlssabe  &  Iron  Range 
Duluth .Winnipeg  &  Pacific 


Great  Northern 

Green  Bay  &  Western 

Lake  Superior  6.  Ishpemlng 

Minneapolis  .Northfield  6i  So 

Northern  Pacific 


Soo  Line 

Spokane  International 

Spokane .Portland  &  Seattle 


Total 


CENTRAL  WESTERN  REGION: 


Atchison, Topeka  &  Santa  Fe 
Chic ago, Burlington  &  Qulncy 
Chicago, Rock  Island  &  Pac 
Colorado  &  Southern 
Colorado  &  Wyoming 


Denver  &  Rio  Grande  Western 
Fort  Worth  &  Denver 
Northwestern  Pacific 
Pacific  Electric 
San  Diego  &  Arizona  Eastern 


Southern  Pacific  Co. 
Toledo, Peoria  &  Weste 
Union  Pacific 
Western  Pacific 


Total 


SOUTHWESTERN  REGION: 
Kansas  City  Southern 
Kansas, Oklahoma  &   Gulf 
Louisiana  &  Arkansas 
Missouri -Kansas -Texas 

Missouri  Pacific 

Quanah,Acme  &  Pacific 

St .Louis-San  Francisco 

St .Louis, San  Francisco  &  Tc 

St .Louis  Southwestern 

Texas  &  Pacific 

Texas  Mexican 


Total 


Grand  Total  -  United  States 

CANADIAN  ROADS: 
Canadian  National 
Canadian  Pacific 
Ontario  Northland 


'   ''""""    <""»"=  SWITCH  .  BRIDGE, 


.SS   I  RAILROADS  IN  THE  UNITED  STATES  I 
ended  December   31.    1963 


I  LARGE  CANADIAN  RAILROADS 


Region  and  Road 

NORTHWESTTOj)  fiEcim^ 
Uncago  &  North  Western 

^J^;p.Mil".St'pIul   iPac. 

t>uluth|winnlp«j,    ^    B°"^f*"^* 

oreat   Northern                                   ■ 

Green   Bay  (,  Western 

Lake    Superior  &  lahpeminfl 

Minneapolis. Northfield  £.   Sou 

Northern  Panfi,- 

Soo  Line 

Wood 
Neu  I 

In  replacement 

Track  aialncalned  by 
reporting  railroad 

Equated  gross  ton- 
mllea    (thousands)   a 

r:puc°:::"„t"::;.:::      | 

ie. 

iHr 

■ilea 

Total 

per 

'§ 

to  all 

"ui" 

«ile 

Renewal 
1,000 

Nuaber 

""".V 

365  630 
134  233 
342   756 
31  oia 
8  002 

2 

3 

4 

5 

6 

' 

8 

9 

10 

11 

12 

54.90 
3.55 
4.18 
4.49 
2.53 

240  400 
60  138 

204 

80 

40  288  653 
5    344  537 

39  677   170 

2   787   768 

586  141 

2  977 

3  000 
3  041 
2  979 
2  859 

47  437  002 
3  423  212 

3  150 
3  636 

5   946 

.91 
2.51 

.86 
1. 11 

1.37 

75 
26 
33 

5132 
268 
110 
149 

4.20c 
6.31 

4^07 

2   785 

16  969 

4  183 

479  618 

2^97 
3.87 

264 
237 

77 

30  990  429 

208  380 
26  329  044 

3  093 

2  880 

3  000 

51  862  052 
602   748 
188  375 
325   449 

5   177 

2  276 
792 

3  772 

1.74 
2.01 

54 
11 
71 

Hi 

27 
212 

193 

26!71 

Spokane   International 
Spokane  .Portland  £,  Seattle 

14  555 
59  288 

55  574 

5  272 
1   143 

94 
75 

15   930  553 

521   509 

3  527  200 

2  934 

3  084 

15   334  411 
362  243 

6  334 

1.21 
2.79 
1.68 

52 

130 
226 

UM 

2   191  911 

4.32 

37  3  608 

55  788.23 

167   667   548 

3  005 

220  017   898 

3  944 

1.31 

39 

170 

4.31 

Atchison  .Topeka  i  Santa  Fe 
Chicago, Burlington  i  Quincy 
Chicago, Rock   Island  &  Fac . 
Colorado  &   Southern 

Colorado    &    Wyoiriing 

540  582 
276  759 
474  865 
40  004 
I    586 

3.24 

104  753 

1   584 

19  484.62 

11   185.61 

9  631.88 

770.95 

62   214  392 
34  541   165 
28  702  900 
2  272  760 

3  193 

3  088 
2  980 
2  948 

62  669  553 

49  568  745 
3  620  972 

8  600 
5   603 

.87 
.80 
1.65 
1.76 

25 
49 
52 

95 
92 
160 

U64 
3.10 
4.38 

Fort   Worth  &   Denver 
Northwestern  Pacific 
Pacific   Electric 

San    DieKO    &    Arl,.nn«    P.  =  r..„ 

35   783 
11   840 

3.48 
3.62 
2.37 
2.41 

11   973 
2  038 

3  092.22 

I  252.17 

424.91 

421.91 

9  558  711 
3  763  990 
1   210  994 

3  091 

2  850 
2  560 

I  813  128 
382   960 

5   781 

3  840 

4  267 
908 

.92 
.95 

28 
28 

99 
101 

40 

2.02 
4.43 

Toledo. Peoria  i  Western 

Western  Pacific 

874  194 

9  625 

698  192 

80   135 

3.36 

2.71 
4.20 
5.51 

16  334.30 

290.82 

13  371.11 

I  555.52 

49  016  497 

921   318 

37   786  596 

4  641   958 

3  001 

166  257   604 
I  056   378 

14  041   316 

3  632 
9  886 
9  027 

1.78 
1.07 
1.85 
1.73 

52 
52 

^92 

2.52 

Total 

3  144  784 

3.65 

120  348 

78  072.37 

236  486  136 

3  029 

622   112  695 

7   968 

1.33 

40 

147 

1.84 

SOUTHWESTERN  REGION- 

86  365 
14  239 
92   788 
199  586 
658   386 

3.11 
2.87 
3.13 
3.46 
3.24 

240 ! 14 

892.43 

3  436.73 

11   291.92 

4  315  063 
732  294 

2   907   871 
10  912  817 
34  812   139 

3  162 
3  049 

3  083 

9  918   144 
1  030  182 
4  914  460 
12  208  399 
68  317   228 

7  268 

5  507 
3  552 

6  050 

3.19 
1.83 
1.89 

59 

58 
58 

197 
170 
325 
201 
189 

2.71 
3.97 
5.91 
5.66 
3.12 

Kansas   City    Southern 
Kansas, Oklahoma  &  Gulf 

Missouri -Kansas -Texas 

St.Louls-San  Francisco 

St. Louis, San  Fraacisco  &  Tex. 

St. Louis   Southwestern 

Texas  &  Pacific 

Texas  Mexican 

341   874 

8  400 

66  677 

9  667 

4.02 
3.11 
2.61 
3.40 

2.78 

991 

5  767.93 
149.35 

2  219.12 
237.91 

458  568 

18   150  536 

47  7  920 

5  362   100 

6  485  917 
753  700 

3  168 
3  147 

2  923 

3  168 

432  792 
29  120  532 

657   400 
18  782  674 
17  602   907 

268  821 

2  990 

5  049 

10  775 
7  932 

1   130 

.52 
1.88 

2.28 
1.03 
1.28 

30 
41 

67 

239 
102 
113 

2.24 
3.65 
3.33 

1^29 
10.00 

total 

1   602  608 

3.24 

991 

27   487.98 

85   368  925 

3   106 

163  253  539 

5   939 

1.88 

58 

189 

3.18 

12  558   194 

3.87 

1   109  247 

309  779.15 

935   .06  981 

3  019 

1   999  530  094 

6  455 

1.34 

41 

157 

2.43 

CANADIAN  ROADS- 

1  337  91.7 

1  258  li95 

66  552 

2.96 
2.87 
U.Oli 

85  971.  531 
60  606  122 
1  991  587 

2  91.6 
2  918 
2  975 

86  623  U.6 
2  m  919 

I  002 
3  60U 

1.6 
2.08 
2.99 

U6 
61 
93 

136 

171. 
375 

i 

li.OO 
11.0 

Canadian  Pacific 
Ontario  Northland 

29  178. 
20  767.26 
669.3 

miles   of  locomotives  and  tenders   i 

times   gross    ton-miles   of   locomotlv 

.   plus   two 
freight  se 
B  and  tende 

s   in  passenger 

Includes   60  concrete   ties  a.  an  ave 
Includes   339  concrete  ties  at  an  av 
Not  reported. 

age  cost  of 

513.33  per  tie. 
$12.66  per  tie. 

"Average  cost"  as   shovm   In  Column  2 
cost  of  ties  charged  out  and  used, 
or  prices  paid   for  the  ties  purcha 

They  are  n 

ed  during  t 

corekeepecfi  aver 
t  the  actual  cos 
e  period. 

NUMBER  AND  AGG 


NEV  ENGLAND  REGION: 
Bangor  &  Aroostook 
Boston  £■  Maine 
Canadian  Pacific  (lines  In  He 

Central  Vermont 

Maine  Central 

New  York  Connecting 

New  York, New  Haven  &  Hartford 

Total 

GREAT  LAKES  REGION: 
Ann  Arbor 
Delaware  &  Hudson 
Detroit  &  Toledo  Shore  Line 
Er le -Lackawanna 

Grand  Tnink  Western ^^ 

Lehigh  &  Hudson  River 

Lehigh  Valley 

Monongahela 

New  York  Central 

New  York, Chicago  &  St  .Louis 

New  York, Susquehanna  &  Wester 

Pittsburgh  &  Lake  Erie 

Pittsburgh  &  West  Virginia 

Wabash 


Total 


CENTRAL  EASTERN  REGION: 
Akron, Canton  &  Youngstown 
Baltimore  &  Ohio 
Bessemer  &  Lake  Erie 
Central  R.R.of  New  Jersey 
Chicago  &  Eastern  Illinois 


Chicago  &  Illinois  Midland 
Detroit , Toledo  &  Ironton 
Elgin, Joliet  &  Eastern 
Illinois  Terminal 
Long  Island 


Missouri -Illinois 

Monon 

Pennsylvania 

Penna. -Reading  Seasho 

Reading  Company 


Island  Rapid  Transit 
Western  Maryland 


Total 


POCAHCafTAS  REGION: 
Chesapeake  &  Ohio 
Norfolk  &  Western 
Richmond, Fred 'burg  &  Potomac 


Total 


SOUTHERN  REGION: 

Alabama  Great  Southern 
Atlanta  &  St .Andrews  Bay 
Atlanta  &  West  Point 
Atlantic  Coast  Line 
Carolina  &  Northwestern 


Central  of  Georgia 
Cincinnati, New  Orle 
Clinchfleld 
Florida  East  Coaat 
Georgia 


Georgia  &  Florida 
Georgia  Southern  &  Florida 
Gulf, Mobile  &  Ohio 
Illinois  Central 
Louisville  &  Nashville 
New  Orleans  &  Northeastern 
Norfolk  Southern 
Piedmont  &  Northern 
Savannah  &  Atlanta 

Seaboard  Air  Line 

Southern  Ry . 
Tennessee  Central 
Western  Ry.of  Alabama 


1  AGGREGATE  COST  ( 


'  "HTOALS  PER  MLE  OP  HAIHIAIffiD  , 

't,.  md   i„„  C.„.dU„  ro.d..  by  ] 

Not.:      All  figure,  „,  „£i„, 


' — — =— = 

j= 

=_ 

Road 

1960 

mile  "f° 

ttlll". 

«%«"""* 

Aggregate  coat   of  ne«  wood  croea  tie  renewals  1 

to  all   tleg    In  tracks                             | 

1959 

1961 
106 

'5     . 

1963 

average 

1959 

1960 

1,61 

1962 

1,63 

Ll";. 

1,59 

.960 

1,61 

1962 

1963 

iiz. 

Bangor  &  Arooacook 

Boston  &  Maine 

Canadian  Pacific    (lines    In  Me  1 

Central   Vermont 

Halne  Central                                    ■ 

U3 

9398 
58 

5416 
10 

5391 

5390 

5374 

5394 
256 

4.50 

2:i 

I'li 

''"i 

'■w 

'■M 

Nav  York. Sew  Haven  &  Hartford 

135 
29 

45 

32 

36 

2I 

2" 

ii 

633 

254 

232 

232 

339 

401 

':« 

i:o2 

t;» 

3.27 

i'.il 

'■^ 

GREAT  LAKIS  BKt^Trnj. 

Delaware  &  Hudson 

Detroit  &  Toledo  Shore  Line 

Erie-Lackawanna 

Grand  Trunk  Western 

51 
19 

20 
37 

- 

» 

8 

!; 

185 

131 

2 

108 

3 

33 
2 

z 

':E 

':jg 

1.26 
!02 

iC 

'.05 

'.it> 

Uhlgh  Valley 

Honongahela 

Nev  Vork  Central 

Hew  York.Chlcaf^o  &  St. Louis 

23 

- 

14 

27 
2^ 

44 

25 

13 

150 

115 
112 

96 

82 

'm 

':i 

.80 

!58 
.29 

';H 

Pittsburgh  i  Uke   Erie 
Pittsburgh  &  Meat  Virginia 
Wabash 

62 

45 

25 

53 
31 

9 

32 

31 

i 

158 
110 

325 

121 

286 

1 
51 

10                .27 
100             2.04 

'11 

.04 
l!93 

!59 

.01 
!31 

.08 

i!oo 

32 

26 

9 

U 

12 

18 

131 

91 

40 

53 

56 

74             1.03 

.83 

.30 

.36 

.41 

.59 

6S 

45 

39 
45 

38 
1? 

73 
30 

1 
25 

34 

193 

26 
183 

205 

257 

1^37 

'1 

.13 

l!07 

!88 

Chicago  &  Eastern  Illinois 

236 
80 

.22 
l!91 

;;p 

Detroit  .Toledo  &  Ironton 
Elgin, Jollet  &  Eaatem 
Illlnola  Terminal 
Long  I a land 

38 
42 
69 

25 

42 

37 
26 

34 

51 
67 

28 
35 

57 

303 

219 
223 

254 

133 
17 

159 

10 
236 

140 

l!23 

2!52 

l!ao 

'.tl 

1.01 
.99 

!l5 

.99 

.94 
!52 

Monon 

Pennsylvania 

Penna. -Reading   Seashore  Lines 

Reading  Company 

42 
66 

16 

25 
22 

38 

1 

51 

34 
178 
108 

33 
153 

13 

110 
195 

226 

249 

2^43 

.15 

!93 

.05 
l!33 

l!23 

Staten  Island  Rapid  Transit 
Western  Maryland 

63 

53 

80 

52 

53 

73 
229 

228 

106 

.32 

.39 

lit 

.96 

.93 

1.15 

Total 

46 

38 

41 

46 

43 

43 

191 

141 

161 

185 

168 

169 

1.66 

1.31 

1.41 

1.59 

1.48 

1.49 

13 

I 

18 

15 

30 
29 

28 

118 

131 

ii 

124 
63 

144 

123 

96 

i;i 

f, 

■'d 

!90 

Chesapeake  &  Ohio 

:i 

Total 

21 

28 

20 

25 

31 

25 

80 

115 

84 

113 

131 

105 

.67 

.92 

.65 

.83 

1.01 

.82 

SOUTHERM  REGION: 

'i 

70 

8 

28 

1 

52 

57 
64 

1 

409 
283 

276 
267 

113 
252 

136 

266 

3 

224 
4 

272 
255 

4 

1^73 

2.01 

i'l 

2!59 
!o2 

l!l6 
!o3 

Atlanta  &  St .Andrews  Bay 

1.90 
!o3 

Central   of  Georgia 

97 

137 

65 

68 
25 

75 

96 
29 

99 

295 
552 

215 

4?4 

319 

221 
JS5 

348 

321 
J?9 

121 

194 

2.25 

3.58 

2.29 

2.52 
1.19 

2.75 

l!26 
1.41 

Georgia  &  Florida 

106 

39 

106 
62 
33 

48 

« 

173 
210 

858 
168 

129 
163 
54 

117 
128 

181 

381 
170 

l.ll 

2:11 

.58 

l!25 

2'35 

1:70 

Hew  Orleans  (•  Northeastern 

81 

140 
123 
82 

56 

164 

70 
248 

61 
106 

76 
73 

256 

252 

265 

642 

500 

531 

536 

4'54 

5 '31 
2.03 

1.05 

2.10 
.88 

3  95 

South.™  Sy. 

]S 

a 

61 

43 
84 

82 

56 

86 

423 

409 

339 

302 

304 

24, 
344 

i'.iJ 

2^80 

3.20 

3.0, 

2!87 

lol.l 

63 

60 

49 

" 

54 

" 

236 

233 

196 

225 

214 

221 

2.08 

1.97 

1.88 

1.87 

NORTHWESTERN  REGION: 


Chicago  &  North  Western 
Chicago  Great  Western 
Chicago, Milwaukee, St .Pau 
Duluth ,Missabe  &  Iron  Ra 
Duluth .Winnipeg  &  Pacifi 


Great  Northern 
Green  Bay  &  Western 
Lake  Superior  &  Ishpemin 
Minneapolis, Northfield  & 
Northern  Pacific 


Soo  Line 

Spokane  International 

Spokane, Pore land  &  SeatC 


CENTRAL  WESTERN  REGION: 


Atchison, Topeka  &  Santa 
Chicago, Burlington  61  Qui 
Chicago, Rock  Island  £1  Fa 
Colorado  &  Souther 
Colorado  &  Wyoming 


Denver  &  Rio  Grande  West 
Fort  Worth  &  Denver 
Northwestern  Pacific 
Pacific  Electric 
San  Diego  61  Arizona  East 


Southern  Pacific  Co. 
Toledo, Peoria  &  Western 
Union  Pacific 
Western  Pacific 


Total 


SOUTHWESTERN   REGION: 


Kansas   City   Southern 
Kansas .Oklahoma  &  Gulf 
Louisiana  &  Arkansas 
Missouri -Kansas -Texas 
Missouri  Pacific 


Quanah,Acme  &  Pacific   b 
St .Louis-San  Francisco 
St .Louis, San  Francisco  5 
St .Louis   Southwestern 
Texas  &  Pacific 
Texas  Mexican 

Total 

Grand  Total  -  United  Sta 

CANADIAN  ROADS: 
Canadian  National 
Canadian  Pacific 
Ontario  Northland 


Table   B 
^"BER  AND  AGOREC/ttE  COST  OF  NEW  WOOD  CROSS  TIE  RE^WALS  PER  »„ 

Class   I  roads    1„   the   United   State,   ad  '  ""'""'^°  "^^  ""  '^'°  °'  ""  ™°  ™"  "'^  "^"-^  ^^^  ™"  <»«S  TIES  IN  MAINTAINED  TRACK 

"te.   and   Urge  Canadian  roads,    by  years,    and   for   the  average  of   five  year.   1959  to  1963.    Inoluslve 
"Ota:     AU    figures  are  exclusive  of  bridge   and   switch   tie. 


Compiled  by 
s,    Bureau  of  Railway   1 


Washington,    D.C., 


INDEX  OF  PROCEEDINGS,  VOL.  65,    1964 
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o 


Office  and  drafting  practices,  311,  675 
Operations,      railway,      innovations      In 

commuter,   140,    719 

• — time  versus  tonnage,  innova- 
tions.   142,    719 


Painting  and   preparation   of  steel   sur- 
faces,  387 
Pennsylvania,    bridge   paint   test,    387 
— curves,   speed   on,    test,   516,   880 
— 78-ft   rail,    service    test,    607,    864 
— tie  plates,   rubber  abrasion,   progress 

report,   511 
• — transition    spiral,    analysis    and    run- 
ning  tests,    91 
Petroleum     gas,     liquified,     installation 
and    maintenance    of    facilities    for, 
221,   694 

Pipeline  crossings  of  I'ailway  and 
highways,  tests  on  simulated  un- 
cased,   492,    835 

Pipeline  specifications,  flammable  and 
non-flammable  substances,  revi- 
sions,   491,    835 

Pipeline,  cathodic  protection  of  210, 
693 

Porter,    J.,    introduction   of,    15 

Poston,  H.  W.,  address,  diesels  and 
dirty   water,    696 

Potash  spur,  D&RGW  new  line  con- 
struction,  by  E.   H.   Waring,   136 

President's  address,   662 


R 

Rail,    report   and   discussion,    519,    850 

• — basic-oxygen   steel,    test   results,   87 
— service  tests,  on  the  AT&SF,  530, 
851 

— continuous    welded     (See    Continuous 
welded   rail) 

— control-cooled,     failure    investigation 
by  R.   E.   Cramer,   525,   851 

— cropping,  wet  and  dry  abrasive  wheel 
methods,   investigation,   852 

— cropping    methods,    metallurgical    ef- 
fect,  573,   852 


— economic  value  of  different  sizes, 
557,   852 

— end  batter,  causes  and  remedies,  552, 
851 

— failure   statistics,   537,    851 

— flame-hardening  of,  by  the  AT&SF, 
description    of,    89 

— by  the  UP,  description  of,  phys- 
ical and  metallurgical  test  re- 
sults,   88 

— head  checks,  cavises  and  prevention, 
577,    864 

— high-silicon,  silicon-vanadium,  sili- 
con-vanadium, service  tests,  534, 
851 

— laying,  new  and  relay,  economics  of 
on  a  program  basis  versus  small 
division    forces,    277,    826 

— open-hearth,  specifications,  revisions, 
522,    851 

— record    forms,    revisions,    523,    851 

— second-hand,  welding  without  crop- 
ping,   637,    887 

— service   tests,    577,   864 

— 78-ft,  service  and  economics  of,  607, 
864 

— shelly,  investigation  by  R.  E.  Cramer, 
598,    864 

— shelly  spots  and  head  checks,  method 
of  prevention,  service  tests,  AAR, 
576,    864 

— welded,    definition,    630,    885 

Rail  joints,  flame-hardened  flash  butt- 
welded,  AT&SF,  physical  and  met- 
allurgical   test   results,    89 

Rail  sections,  standardization  of,  606, 
864 

Rail-water  transfer  facilities,  planning, 
construction  and  maintenance,  196, 
685 

Railway  electrification,  developments 
in,   471,   714 

Railway  operations,  innovations  in 
commuter  operations,   140,   719 

Reflex  units,  switch  lamps  and  targets, 
517,   880 

Regulatory  bodies  and  courts,  current 
developments,  valuation  and  de- 
preciation,   314,    675 

Resins,  synthetic,  and  other  adhesive 
materials  for  protective  coating 
and  reinforcement  of  steel  sur- 
faces,   386 

' — and  other  adhesives,  applications  to 
wood  bridges  and  trestles,   395,   756 

Roadway  and  Ballast,  report  and  dis- 
cussion,   481,    833 

Roadway  signs,  reflectorized  and  lu- 
minous,  progress  report,   483 


Sanitary  and  servicing  facilities,  rail- 
road, relations  with  governmental 
agencies   pertaining   to,   209,    695 

St.  Louis-San  Francisco,  concrete  tie 
inspection,    266,    811 
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Sand,  driftins',  pi-otecting  against,  502, 
837 

Scales,  track,  two-section  knife-edge, 
specifications,    revisions,    152,    680 

Seaboard  Air  Line,  bridge  paint  test, 
387 

Secretary,  executive,  report  and  state- 
ment,  664.   893 

Shedd,  T.  C,  symposium,  industrial  en- 
grineering   on    the   railroads,    720 

Shotcrete,  specifications,  revisions,  362, 
758 

Sines,  B.  S.,  address,  transportation 
goals,    786 

Signal  supports,  bridge  and  cantilever 
types,  design,  construction,  main- 
tenance,   384 

Signs,  roadway,  reflectorized  and  lu- 
minous,   progress   report,    483 

Slag,  open-hearth,  ballast,  field  inspec- 
tion,   504,    837 

Snow,  drifting,  protecting  against,  502, 
837 

Soils,  measuring  moisture  and  density, 
nuclear  methods  of.  address,  by 
G.    L.    Hinueber.    838 

Southern,   bridge  paint  test,   388 

— use  of  sliding  joints  on  CWR.  632, 
886 

Southern  Pacific,  motion  picture,  bridge 
replacement,  remarks  by  H.  A. 
Hunt,    16 

— rail,  high-silicon,  silicon— vanadium, 
silicon-vanadium-chromium,  serv- 
ice tests,   534,   851 

— welding  used  rail  without  cropping, 
investigation,    637,    887 

Speed,   on  curves,   516,    880 

Spiral,    transition,    length    of,    analysis 
and   running   tests,    91 
— revisions,    516,    880 

Spirals,  transition,  length  of.  research 
report  review,  address  by  C.  J. 
Code,   881 

Statistics  and  data  processing,  use  of 
in   railway  engineering,   313,   675 

Steel,  basic-oxygen,  test  results  on 
rails   and   joint   bars,    87 

Steel  making,  basic  oxygen  process, 
address   by   John   R.   Zadra,   865 

Steam  heating  systems,  specifications, 
320.   796 

Steam    lines,     prevention    of    corrosion 

in,   207,   692 
Steel,   glossary  definition,    622,   851 

Steel,  basic-oxygen,  definition,  388,  522, 

851 
Steel   surfaces,   preparation  and   paint- 
ing of,   387 

Stoll.   E.   J.,   address,   engineer's  role  In 

industrial    development,    799 
Structural    members,    precast    concrete, 
methods  of   construction   with,    378, 
760 


Struilural     timl)ei-,     hardwood,    grading 

rules.   394,   756 
Structures,     timber,     repeated     loading 

tests,    396,   756 
Switch   lamps   and    targets,    reflex   units 

for,    517,    880 
Symposium,    industrial    engineering    on 

the   railroads,    720 


Tanks,  diesel  fuel  oil  storage,  inspec- 
tion and  maintenance,  revisions, 
207.   691 

— steel,  storage,  cathodic  protection  of. 
210.   693 

Tellers,   report  of.   657 

Terminals,    freight,    design,    gradients, 
revisions,    149,    680 
— facilities     for     loading     and     un- 
loading    multi-level     automobile 
cars,    155,    682 

— waste  materials  in,,  disposal  facil- 
ities  for.   158.   682 

Termite   control    investigation,    253.    811 

Tie  plates,  hold-down  fastenings,  in- 
cluding pads,   service   test.    515.    879 

— low  carbon  steel,  specifications,  revi- 
sions.  513,   879 

— rubber  abrasion,  progress  report,  511 

Tie  renewals,  economics  of  labor  in 
cutting  versus  removing  whole 
ties.   286.   826 

Ties  and  Wood  Preservation,  report 
and   discussion,    247.    808 

Ties,  concrete,  prestressed.  service  test, 
St.    L-SP.    266,    811 

— design,  and/or  spacing,  possible  re- 
vision  of,   247,   809 

— economics  of  labor  in  unloading  by 
hand  versus  machinery  and  special 
equipped    cars,    278,    826 

— renewal  statistics,  and  costs.  252, 
811 

— reusing  recovered,  feasibility  and 
economics  of,  with  or  without  ad- 
ditional   treatment,    249,    809 

— service  life  remaining,  methods  of 
predicting.    249.    809 

Timber,  determination  of  decay  by  a 
device  having  a  nuclear  source, 
420.    757 

— structural,  hardwood,  grading  rules, 
394,    756 

Timber  structures,  repeated  loading  of, 
tests,   396,   756 

Time,  of  freight  cars,  engineering 
methods  of  reducing  between  load- 
ing  and    unloading   points,    133,    718 

Time  versus  tonnage,  innovations  In 
railway    operations.    142.    719 

Tools,    track.    (See    Track    tools) 

Track,    report    and    discussion,    511,    878 

Track  surfacing  operation.s.   equipment 

for     control     and     performance     of 

jacking,    300,    832 

Track    tools,    progress    report,    513,    879 
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Trackvvork   plans,    revisions,    514,    879 

— standardizations,    514,    879 

Trains,  integral,  effect  on  existing 
yards  and  design  of  new  yards, 
153,    681 

Transfei-  facilities,  rail-water,  plan- 
ning', construction  and  mainte- 
nance,   196,    685 

Transition  spiral,  length  of,  analysis 
and    running'   tests,    91 

Transportation  goals,  address,  by  B.  S. 
Sines,   786 

Treasurer,  report  and  statement,  666, 
912 

Trestles,  prestressed  concrete,  tenta- 
tive   specifications,    364,    759 

Truss   bridg'e   research  project,   385,   776 

Tunnel  clearances,  restrictive,  in- 
creased,   496,    836 


u 

Undertrack  sledding  on  the  Great 
Northern  address,  by  W.  J.  Cruse, 
827 

Union  Pacific,  description  of  flame- 
hardening  of  rail,  physical  and 
metallurgical    test    results,    88 

U.  S.  Public  Health  Service,  relations 
with  pertaining  to  railroad  sani- 
tary and  servicing  facilities,  209, 
695 

University    (See    College) 

University  of  Florida,  termite  control 
investigation,    253,    811 


V 


Valuation  and  depreciation,  current 
developments  in  (See  Courts — 
Regulatory  Bodies-ICC) 

Valuation  and  new  railroad  construc- 
tion,   by   J.    Bert   Byars,    677 


w 

Waring,  E.  H.,  Potash  spur  construc- 
tion,   136 

Warm  air  heating  systems,  specifica- 
tions,  332,   796 

Waste  disposal,  facilities  for,  in  yards 
and    terminals,    158,    682 

Water,  Oil  and  Sanitation  Services,  re- 
port  and   discussion,   205,    691 

Water    supply,    revisions,    206,    691 

Waterfront  facilities,  relative  merits 
and  economics  of  construction  ma- 
terials  used    in,   199,    685 

Waterproofing,  i-nembrane,  specifica- 
tions,   revisions,    377,    759 

— railway    structures,    377,    759 

Waterways  and  Harbors,  report  and 
discussion,    191,    684 


— bil)liography,  benefits  and  costs  of 
inland  waterway  projects  involv- 
ing  navigation,   192,    685 

— bridges  over  navigable  waters,  de- 
leted, 192,   684 

— cleai-ances,    deleted,    192,    684 

- — lands  subject  to  servitude  of  naviga- 
tion as  affecting  protection  of 
roadbeds  built  or  to  be  built  on 
proposed  dam  pool  areas,  deleted, 
192,    684 

Weed  and  brush  control,  chemical  and 
mechanical,  equipment  for,  298,  831 

Whittet,   H.   G.,   Jr.,   memoir,    340 

Williamson,  H.  M.,  address,  men  to 
match  the  management  challenge, 
732 

Wire,  cable  and  insulating-  materials, 
progress   report,    469,    713 

Wood,  non-destructive  testing  of,  420, 
756 

Wood  Bridges  and  Trestles,  report  and 
discussion,    391,    755 

Wood  preservatives,  coal  tar  creosote 
for  preservation  of  piles  and  tim- 
bers  in   coastal    waters,    251,    810 

— new    and    I'evisions,    250,    810 

Wood,  treated,  improved  performance 
in  railroad  structures,  address,  by 
J.    Oscar   Blew,   Jr.,    812 

Woolford,  P.  R.,  address,  difficulties 
experienced  in  railroading  in  the 
far   West,    761 

Work  equipment,  automation  of,  298, 
831 

■ — engines,  internal  coinbustion,  air 
cleaners,  fuel  and  oil  filtering  sys- 
tems,  295,    830 

— -improvements  to  be  made  to  exist- 
ing,   290,    829 

■ — standardization  of  parts  and  acces- 
sories,   292,    830 


Yards,  classification,  gradients,  revi- 
sions,   149,    680 

— waste  materials  in,  disposal  facil- 
ities   for,    158,    682 

Yards  and  Terminals,  report  and  dis- 
cussion,   147,    679 

— foreign  countries,  present  trends  in 
modernization  of,   161,   682 

Young,  W.  L,.,  address,  engineering 
aspects   of   a   railroad   merger,    68 


Zadra,  John  R.,  address,  basic  oxygen 
steel   making   process,   865 

— basic-oxygen-steel  rails,  service 
tests,   530 

— high-silicon,  silicon— vanadium,  sili- 
con-vanadium-chromium rails, 
service  tests,   534 


Model  N  U  Tie  Cutter 


HERE  IS  THE  WINNING  TEAM 

The  Woolery  NU  Tie  Cutter  and  the  Woolery  Tie-end  Remover  preserve  the  line  and  surface 
of  the  track  and  at  the  same  time  reduce  the  cost  of  tie  renewals.  Ties  can  be  removed 
without  trenching,  jacking  up  track  or  adzing  tops  of  rail-cut  ties.  With  this  team  you  simply 
cut  both  ends  of  tie,  pry  out  center  piece,  insert  in  its  ploce  the  tie-end  remover  and  out 
go  the  tie  ends  pushed  by  the  double  acting,  double  ended  hydraulic  cylinder  of  the  Tio- 
end  remover. 


FOR  HIGHEST  EFFICIENCY  USE  TWO  TIE  CUTTERS  WITH  ONE  TIE-END  REMOVER 


WOOLERY  MACHINE  COMPANY 


MINNEAPOLIS,  MINN. 
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BtlM 


with  America's  most  complete  line  of 
special  trackwork:  For  Railroads, 
Mines  and  Industries — A  complete 
line  of  frogs,  switches  and  crossings  • 
Trackwork  for  installation  in  paved 
areas  •  Manganese  steel  guard  rails 
•  Automatic  switch  stands  •  Samson 
switch  points  •  Snow-Blowers  •  Switch 
point  guards  •  Rail  and  flange  lubri- 
cators •  Tie  pads  •  Racor  studs  •  Dual 
spike  setters  •  Dual  spike  drivers  • 
Car  retarders. 

with  America's  most  complete  track- 
work  manufacturing  facilities:  Coast 
to  coast  to  serve  your  needs. 


»-   RACOR  PLANTS: 

Buffalo  •  Chicago  Heights  •  Los  Angeles  • 
Niagara  Falls,  Ontario,  Canada  •    Pueblo 

•  Superior. 

■^  RACOR  SALES  AND  ENGINEERING 

Chicago  •  Cleveland  •  Denver  •  Houston  • 
Los  Angeles  •  Louisville  •  New  York  • 
Philadelphia  •  Richmond  •  San  Francisco 
St.  Louis  •  St.  Paul.  In  Canada:  Dominion 
Brake  Shoe  Co.,  Ltd.,  Montreal,  Quebec 

•  Niagara  Falls,  Ontario  •  Winnipeg, 
Manitoba  •  Vancouver,  B.  C. 

:f:  RACOR  RESEARCH: 

Chicago  •   Mahwah,  N.  J. 


with  America's  most  complete  track- 
work  engineering  service:  This  lies  in 
making  available  to  our  customers 
Racor's  engineering  experience — 
practical  experience  from  years  of 
designing  and  manufacturing  .  .  . 
advanced  experience  solving  tomor- 
row's trackwork  problems  today  in 
Racor  research  laboratories. 

Why  not  let  us  help  you  with  your 
trackwork  problems? 


RAILROAD  PRODUCTS  DIVISION 
•^3^^  530  Fifth  Avenue,  New  York  36,  New  York 


Brake  Shoe 

:UMMNT 


ELEIirROMATIG 


The  only  completely 
automatic  track  surfacing 
machine  on  the  market 


Proven  in  operation  by  North  America's 
leading  railroads.  Complete  and  auto- 
matic control  of  surface  and  cross  level 
through  tangent  and  curve  territory- 
regardless  of  height  of  lift. 

•  Combination  of  Autojack  and  Electromatic 
equals  or  improves  production  of  Electro- 
matic alone. 

•  Precision  of  lift  and  uniformity  of  compaction 
controlled  automatically. 


•  All  variations  in  lift,  level  and  run-out  con- 
trolled from  operator's  panel. 

•  Beam  "sighting"  for  utmost  precision. 

•  Front  buggy  self-propelled  ahead  of  tamper. 


TA  M  P  E  R     I  N  C.    53  Court  Sf.,  PloMsburgh,  N.Y. 

SALES   AND   SERVICE:    2 147  University  Avenue 
St.  Paul  14,  Minnesota 
Phone:  645-5055 
IN   CANADA    160  St.  Joseph  Blvd., 

Lochine  (Montreal),  P.Q. 
Phone:  637-5531 
Your  enauiries  for  d^taWt^d  iofr 


is  saving  thousands  of  man-hours 
tightening  rail  anchors  with  a  RACINE 


Loose  rail  anchors  are  as  useless  as  weeds  in  tlie  riglit- 
of-\vay.  But  an  AnchorTight  attacliment  on  your  Racine 
Anchor-Fast  machine  can  reset  old  loose  and  mis- 
applied anchors  100%  tight  to  ties  in  seconds. 

Four  powerful,  hydraulically-operated  arms  "squeeze" 
boxed  anchors  of  any  type  with  up  to  50,000  lbs.  pres- 
sure. The  AnchorTight  attachment  easily  replaces  regu- 
lar anchor  applicator  assembly;  is  rai.sed  and  lowered 
hydraulically.  Guide  bars  accurately  position  wear- 
plates  for  fast  operation.  Adjusts  to  fit  any  rail  from 
90  to  155  lbs. 

Write  for  details  on  the  improved  Racine  Anchor-Fast 
applicator  and  AnchorTight  attachment. 


APPLIES  UP  TO  22  ANCHORS  PER  MINUTE.  This  new  nipper 
assembly,  with  positive-alignment  side  guide-brackets,  is  one 
reason  the  Anchor-Fast  is  now  more  efficient  than  ever.  Other 
improvements  include  a  300%  increase  in  boxing  pressure;  elimi- 
nation of  115  parts  to  simplify  maintenance.  Modernizing  kits 
available  for  your  present  Anchor-Fast  machines.  rr-iss 


RACINE 


RACINE  HYDRAULICS  &  MACHINERY,  INC. 

Dept.    F-94,    Racine,    Wisconsin 


Unit  Tamper  Portable  Portable  Rail  Saw  Anchor  Applicator  Rail  Drill&Saw 

Rail  Drill 


Production  and 
Spot  Tampers 


>CHY/V<P 


MODEL  441 


Developed  and  Built 
for  Railroad  Maintenance 

180°  BOOM  SWING 

dOBS  ALL  JOBSi 


LAYING  STANDARD  RAIL 


CUTS     MAINTENANCE     COST 


12  fASl  CHANGE  ATTACHMENTS 


•  Forks 

•  I'i  Cu.  Yd.  Bucket 

•  Tote  Hook 

•  18'  Boom  Extension 

•  Fork  Tie  Baler 

•  Track  Cleaning  Bucket 


•  Back  Hoe 

•  Clamshell 

•  Back   Filler  Blade 

•  Pull   Drag   Bucket 

•  4  Cu.  Yd.  Snow  Bucket 

•  Pile  Hammer 


Optionol   Attachment 
Flanged   Wheels,   Hydraulicolly   Controlled 


PETTIBONE  MULLIKEN  CORPORATK 


^^kjj     DIVISIOt 


9'  WIDE  TRACK  CLEANING  BUCKET 


RAILROAD 


DIVISION 

141    W.  JACKSON    ^"^^f^it^"      CHICAGO  4,  ILL. 

80  Years  of  Service 
to  the  Railroad  Industry 


Better- 
faster 
maintenance 
at  less  cost 
with 

NnDn 
Unll 

CUT    COSTS     AVITH    THESE     NORDBERG     MACHINES: 


"Organized  Mechanization"  is 
the  most  effective  grouping  of 
Nordberg  Track  maintenance 
equipment  into  efficient  working 
teams.  In  this  way,  these  machines 
—  which  are  efficient  and  effective 
individually — can  be  made 
even  more  productive. 
Call  or  write  for  details. 


•  Adzer  — Self-Propelled 

•  Midget  Line                              •  Mechanica 

I  Spike  Pullers 

•  Ballast  Router 

Indicator 

Self-Propelled 

•  Ballastex® 

•  Power  Jack                               * 

Surf-Rail®  Grinder 

•  Cribex® 

•  Power  Wrench                        « 

Switchliner 

•  DSL  Yard  Cleaner 

•  Rail  Drill                                     • 

Tamping  Power  Jack 

•  Dun-Rite®  Gaging 

•  Rail  Grinders                            • 

Tie-Axe 

Machine  and  Bronco 

•  Rail  Lifter                                   • 

Tie  Drill 

•  Gandy®  Tie  Puller  and 

Inserter 

•  Scarifier-Inserter                    • 

Trakliner® 

•  Gandy-Snapper 

•  Screenex®                                 • 

TrackShifter 

•  Line  Indicator 

•  Spike  Hammer                         • 

Trak-Surfacer 

•  Midget  Surfacer 

•  Spike  Puller— Hydraulic 

NO 

IH 

»BERG« 

(^ 

©,964   N  M  CO           MECHANICAL     MUSCLES 

R 

NORDBERG     MANUFACTURING      COMPANY    •    MILWAUKEE,     VS^ISCONSIN   53 


BUTTE 


MINNEAPOLIS  W              '^    '^^■F' 

CHICAGO  #             JERSEY  CITY 

STOCKTON 

0  NO.  KANSAS  CITY 

0   LOS  ANGELES 

BIRMINGHAM  0                   ^ 

■^^ 

FORT  WORTH  A       9  TEXARKANA                       ^1 

U.S.  BORAX  OFFERS  COMPLETE  VEGETATION  CONTROL 

SERVICE  AND  PRODUCTS  THROUGHOUT  THE  COUNTRY 

Our  railroad  herbicide  specialists  know  your  regional 
weed,  soil,  and  weather  conditions.  They  have  an  ex- 
tremely wide  selection  of  weed  and  brush  killing 
chemicals.  Now,  with  strategically  located  production 
facilities  and  the  most  efficient  spray  cars  in  railroading 
today,  U.S.  Borax  is  fully  equipped  to  contract  for  any 
vegetation  control  program— and  carry  it  out  promptly, 
effectively  and  economically. 
We  would  like  an  opportunity 
to  prove  it  to  you.  Write  today. 

3456  Peterson  Avenue,  Chicago  45  •  INdependence  3  6262 


BORAX 


^fe«5*' WELDED 
RAIL  LAYING 
SYSTEM 


more  equipment  produced  by  NCG  .  link#belt 
does  DOUBLE  DUTY 

LAYS    DO>VN    >A/ELDED    RAIL... 

■  Pulls  welded  rail  strings  in  pairs  out  of  multiple-tier  transport  racks. 

■  Pushes  two  strings  of  rail  into  laying  position  simultaneously. 

■  Equipped  to  fasten  strings  together  while  being  layed. 

■  Moves  double  strings,  back  and  forth,  for  accurate  joining  to  rail  in  track. 

PICKS    UP   JOINTED    RAil 

While  other  rail-laying  equipment  rests  at  the  end  of  the  shift,  NCG  .  .  . 
LINK-BELT  units  double  their  usefulness  by: 

■  Picking  up  old  jointed  rail  strings  in  pairs. 

■  Loading  into  transport  racks  previously  emptied,  double  strings  of 
jointed  rail  for  welding  in  original  sequence  to  maintain  best 
riding  quality. 

■  Simplifying  removal  of  rail  in  abandonments  and  CTC  track  revisions, 
with  commensurate  cost  reduction. 


'^fe^^  WELDED 

RAIL 
TRANSPORT 


...teamwork  in  engineering  and  manufacture 

check  these  SERVICE  PROVEN  points. . . 


■  Sturdy  open-span  construction  — 

ior  work  saving  feed-in; 

/or  picking  up  jointed  re-lay  rail;  maintains 

best  riding  quality  by  keeping  rails  in 

original  sequence  for  welding. 

■  Positive  double  tie-down  unit. 

■  Simplified  low  maintenance. 

■  Rollers  life-lubricated. 

■  Hydraulically  adjustable  rollers  and  power-operated 
unloading  equipment  included. 

One  to  six-tier  units. 


NGG 


/6\  G  1963,  Chemetron  Corporation 

NATIONAL  CYLINDER  GAS 

RAILROAD    EQUIPMENT    DEPARTMENT 
T^iAnaooTv  Off-  /  CHEr^ETROrf  j  C&yootaZZirri, 


840  North  Michigan  Avenue,  Chicago  11,  Illinois 


THE  DOUBLE  U  RAIL  ANCHOR 

ACHUFF  RAILWAY  SUPPLY  CO. 
ST.  LOUIS.  MO. 


CLEVELAND  FROG  and  CROSSING  CO 

Subsidiary  of  Pettibone  Mulliken  Corporation 

CLEVELAND,  OHIO 

HIGHEST  QUALITY  TRACKWORK 

CONSTRUCTED  OF 

STANDARD  CONTROL-COOLED  RAIL 
HEAT  TREATED  RAIL     MANGANESE  STEEL 

''CLEVELAND"  ADJUSTABLE  RAIL  BRACES 
''CLEVELAND''  ROCKER  SWITCH  CLIPS 

"CLEVELAND''  AUTOMATIC  SWITCH  STANDS 
STANDARD  SWITCH  STANDS 


SIVING  THE  GIANTS  A  VOICE... 

le  continuing  job  of  Motorola  railroad  radio  specialists  for  over  15  years! 
oday,  tough  and  talkative  Motorola  radio  units— hundreds  of  which  are  10 
3ars  old  or  more— serve  giant  Diesels  on-the-move  .  .  .  boost  the  efficiency 
f  M/W  crews  .  .  .  provide  full  voice  contact  for  the  variety  of  jobs  handled 
y  men-on-foot.  Over  150  railroads  now  depend  on  Motorola  experience  to 
elp  keep  their  operations  profitably  on-the-move.  For  full  "application"  facts 
n  Motorola's  unequalled  variety  of  railroad  "talking  tools,"  call  your  Motorola 
pecialist  or  write  for  Bulletin  TIC  1638.  Motorola  Communications  &.  Electronics 
ic,  4501  Augusta  Blvd.,  Chicago  51,  Illinois.  A  Subsidiary  of  Motorola  Inc. 

v!IV  RAILROAD    RADIO 
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Hubbard  Super  Service  Alloy  Spring  Washers 

Hubbard  Super  Steel  Alloy  Spring  Washers 

Hubbard  Track  Tools 

Hubbard  Tool  Division 

UNIT  RAIL  ANCHOR  CORPORATION 

New  York  Pittsburgh  Chicago 


t 


NEW  YORK 


Unit  Rail  Anchor 

UNIT  RAIL  ANCHOR  DIVISION 

UNIT  RAIL  ANCHOR  CORPORATION 
PITTSBURGH 


t 


CHICAGO 


FIRST    IN    RAIL   TESTING' 


INDUCTION-ULTRASONIC   CAR 


THE  FLEET 

induction  -  Ultrasonic  Cars  -14 

Ultrasonic  Cars 14 

All  Ultrasonic  (402)     -    -    -  1 
Research  &   Development     -   1 


ALL  ULTRASONIC  CAR  402 


SPERRY  RAIL  SERVICE 

DIVISION    OF    HOWE    SOUND    COMPANY 
General  Offices   DAN  BURY,  CONN. 


Get  any  coating 

job  done... 

ANYWHERE 

with 

Graco 

HYDRA-SPRAY 


The  custom-built  assembly  shown 
above  and  to  the  right  is  an  all-purpose 
rig  designed  to  give  maximum  flexibility 
in  coating  and  painting  work.  It  was 
designed  for  field  application  of  paints, 
lacquers,  vinyls,  cutback  asphalts, 
creosotes,  heavy  oils  and  greases. 

>  It  uses  the  economical  Graco  Hydra- 
Spray  Process,  and  proves  once  again, 
you  get  the  job  done  faster  and  better 
with  Graco  than  with  any  other  coat- 
ing system. 

If  speed  of  coating  application,  and 
material  savings  are  important  to  you, 
write  today  for  all  the  details  of  the 
Graco  Hydra-Spray  Process. 


FREE! 


Graco  Engineers  are  prepared  to  help  you  in  the  design  of  your 
point  and  materiol  spray  assemblies.  Your  Graco  Railwoy  Rep- 
resentative will  be  glad  to  explain  the  many  benefits  of  this 
service.  Write  or  call  him  .  .  .  today! 


Graco 

GRAY  COMPANY,  INC. 

MINNEAPOLIS  13,  MINNESOTA 


■>.,§  1,  a 
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JOHN  P.  McADAMS,  Eastern  Soles  Representotive 
2304  Wilson  Boulevard,  Arlington,  Virginia 


CHICAGO— (Broadview,  III.) 

R.  D.  Worley 

3030  South  25th  Ave. 

CLEVELAND 

M.  H.  Frank  Compony,  Inc. 
1  202  Marshall  Building 

HOUSTON 

Houston  Roilroad  Supply  Co. 
1610  Dumble  Street 


PHILADELPHIA 

The  A.  R.  Kidd  Co. 

1036  Suburban  Station  BIdg. 

LOUISVILLE 

T.  F.  &  H.  H.  Going 
6308  Umewood  Circle 

ST.  LOUIS 

The  Carriers  Supply  Compony 
818  Olive  Street 


NEW   YORK  — Newark,  New  Jersey 

R.  A.  Corley 
744  Broad  Street 

SAN    FRANCISCO 

The  Bornei  Supply  Compon. 
1  41   Eleventh  Street 

TWIN   CITIES— St.  Paul,  Minn. 

The  Daniel  L.  O'Brien  Supply  Compony 
Endicott-On-Fourth  BIdg. 


WASHINGTON— Arlington,  Vo. 

Southeastern  Railway  Supply,  Inc. 
2304  Wilson  Blvd. 


MONTREAL  — Ontario,  Canada 

Internolionol  Equipment  Co.,  Ltd. 
360  St.  Jomes  Street  West 


Assure  lower  maintenance  costs, 
better  performance  with... 


"^fM 


TEXACO 

Petroleum  Products  and 
Systematic  Engineering 
Service 


i 
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TEXACO  INC. 

RAILWAY  SALES  DIVISION 

135  East  42nd  St.,  New  York  17,  N.  Y. 
NEW  YORK  •  CHICAGO  •  SAN  FRANCISCO  •  ST.  LOUIS  •  ST.  PAUL  •  ATLANTA 


OO  WOODINGS-VERONA  TOOL  WORKS 

^^r  Pioneer  Mcmuiacturera 

ei 

HIG»I  GRADE  TRACK  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 

Sine*  1873 
VERONA,  PA.  CHICAGO,  ILL. 


w 

WOODINGS  FORGE  <S  TOOL  COMPANY 

Makers 

oi 

WOODINGS  RAIL  ANCHORS 

VERONA,  PA. 

CHICAGO,  ILL. 

Console  controls  70  power  switches,  109  signals,  has  374  track  indications. 


Over  5,000  power  switches,  nearly 
11,000  signals,  are  controlled  by 
GRS  all-relay  interlocking  systems. 
Every  one  of  these  interlockings 
was  put  in  service  to  cut  operating 
expenses,  to  speed  up  and  simplify 
railroading. 

Again  and  again,  these  installa- 
tions demonstrate  a  basic  fact — 
that  interlocking  consolidation  is  a 
most  effective  way  to  reduce  ex- 
penses and  at  the  same  time  to  step 
up  operating  efficiency. 

GRS  has  modern  relay  inter- 
locking systems  to  fit  every  require- 
ment. And  GRS  remote  control 
systems— including  economical  Syn- 
crostep"  and  our  ultrafast,  solid- 
state  coding  system — can  multiply 
benefits  by  permitting  consolida- 
tion on  a  grand  scale. 

BEIMERAL  RAILXA/AY  SIGNAL  COMPANY 


A  sure  way 
to  cut 
expenses  ... 

CONSOLIDATE 
INTERLOCKINGS 


A    UNIT    OF    OBNanAl.    SION 

14602  NEW  yOOK.  N   V    10017  CHICAGO.  ILL    aOSOl  ST    LOUIS.  UO    63101 


conponATioiM 

MONTREAL  3,  P.  Q 


IMFMOVIEE) 


A  COMPLETE  LINE 
OF  SPRING  WASHERS 


THE  NATIONAL  LOCK  WASHER  CO. 

Newark  N.  J.,  U.  S.  A. 


/x       p.   &   M.    PRODUCTS 

•  IMPROVED   FAIR   Rail  Anchors 

RAIL   JOINT   PRODUCTS 


•  Rajo  Joints 

•  Insulated  Joints 

•  Compromise  Joints 

•  Fibre 

MAINTENANCE  EQUIPMENT  PRODUCTS 

•  Meco  Rail  and  Flange  Lubricators 

•  Meco  Rail  Layers 

•  Meco  Brush  Cutters  vQI). 

•  MACK  Reversible 
Switch  Point  Protectors 


PEERLESS    EQUIPMENT   PRODUCTS 


•  Draft  Gears 


PRODUCTS  OF  PROGRESS 

POOR  &    COMPANY 

Railway  Products  Division  80  E.  Jackson  Blvd.,  Chicago  4,  III. 


PROTECTIVE  COATINGS 


Brooks  coatings  have  proven  to  be  superior  in  the 
protection  of  railroad  splice  bars  and  rail  joints 
under  severe  conditions  such  as  rails  subjected  to 
refrigerator  car  brine  drippage  and  coastal  salt 
water  spray.  These  products  have  a  low  cold  test 
for  application  by  spray,  pour  or  brush. 

Brooks  coatings  are  used  to  protect  railroad  bridge 
and  trestle  members  as  well  as  structural  and  steel 
tanks. 

These  petroleum  base  products,  black  in  color,  are 
compounded  to  resist  and  retard  corrosion  to  metal 
surfaces.  Four  different  coatings  are  available  and 
require  a  minimum  of  surface  preparation  for 
application. 


The  BROOKS  OIL  Company 

Established  1876 

General  ofFices  ond  U  S    plont      3304  Eosi  87th  Street •  Cleveland  ?7    Ohio 
Canadion  offices  and  plant      461   Cumberlond  Avenue*     Hamilton    Ontario 


p.  O.  Box   10378 


Area  Code  305 
LOgan  6-7922 


GREENHEART,   INC. 

1431    N.  E.  26th  Street 
FORT  LAUDERDALE,  FLORIDA 

President — John   L.  McEwen — Quarter  Century  Experience 

IMPORTERS: 
GREENHEART— 3300F  Piles,  Lumber, 


Timbers  Long  Length 

MORA  EXCELSA — Lumber  and  Timbers 

MANBARKLAK— Piles 

ANGELIQUE  (Basra  Locus) — Piles,  Lumber  and  Timbers 
and  other  Woods  from 

Burma,  Siam,  Australia,  Africa  and  South  America 

Data  furnished  on  request 


NEW  and  REIAYING 


RAIL 

Switch  Material  *  Tools 
Track  Accessories 

PILING 

Rental  Steel-Sheet  Piling 
Pipe  Pile  •  H-Bearing  Pile 


PIPE 


Tested  and  Structural 

All  Sizes  1/8"  thru  48" 

Valves,  Fittings,  Flanges 

Immediafe  d^iivry 

from  Foster's  nationwide 

ware/iouse  stoelfs. 


Specialists  to  the  Railroads 


jLiumMsmi^o. 


Pittsburgh 

Cleveland 

Los  Angeles 

San   Francisco    Houston 

Atlanta  Orlando 


New  York 

Chicago 

Detroit 


£.x-t-e-n-d  f-i-e  Jl-l-^-el 
4ioltl  Qaae! 

USE  TIE  PLATE 
lOQK  SPIKES 


One-piece  Design 

LOCK  SPIKES  hold  tie  plates  firmly  in  place  on 
cross-ties  and  bridge  timbers. 

LOCK  SPIKES  are  quickly  and  easily  driven, 
or  removed,  with  standard  track  tools. 

Driven  to  refusal,  the  spread  shank  is  com- 
pressed by  the  walls  of  the  hole.  Tie  plates  are  held 
against  horizontal  and  vertical  movement  under 
spring  pressure.  Play  between  the  spike  and  the 
hole  is  eliminated — abrasion  and  seating  of  tie 
plates  is  overcome. 

LOCK  SPIKES  hold  their  position  in  the  tie, 
and  redriving  to  tighten  the  plate  is  not  required. 
They  provide  a  quiet  and  strengthened  track. 

Annual  cost  of  ties  and  maintenance  expense  is 
reduced  by  extending  the  life  of  ties  and  holding 
gage.  Here  is  one  answer  to  conservation  of  ma- 
terials and  labor.  Write  for  free  folder. 

BERNUTH,  LEMBCKE   CO.,  INC. 

420  Lexington  Avenue,  New  York   17,  N.  Y. 


m 


Actual 
Size 


the  most  efficient  use 

of  hydraulics  ever 

applied  to  a  tamper! 

TAMPING  UNIT  DOUBLE  CLUTCHES  ELIMINATED 
BY  REVERSIBLE    HYDRAULIC  MOTORS! 


HERE  IS  the  world's  highest  tamping  efficiency. 

This  machine  retains  the  unbeatable  Matisa  principle 
of  vibration-compaction  tamping  with  the  machine 
load  always  on  tamped  track,  but  now  has  many  PLUS 
features. 

For  details,  write  for  the  New  Matisa  Speedtamper 
brochure. 


EQUIPMENT 


1020   Washington   Avenue 


ORPORATION 


Chicago   Heights,  Illinois 


MATISA  opens  fixed  location  plant  in  Birmingha 


Welded  Rail  Shlpraents 
Now^  Faster,  Cost  Less 

Continuing  the  "Story  of  Welded  Rail"  as 
pioneered  by  Matisa,  new  chapters  are  con- 
stantly being  added. 

Refined  techniques  to  increase  the  safety 
of  the  "already  safest"  rail  weld— to  in- 
crease production  speed  of  the  "already 
fastest"  rail  weld  and  to  decrease  the 
cost  of  the  "already  least  expensive"  rail 
weld  are  constantly  improving  delivery, 
efficiency  and  cost  features  of  Matisa 
Thoroweld   Continuous  Welded   Rail. 

The  latest  addition  to  the  Matisa  service 
is  this  new  plant  location  in  the  Birming- 
ham switching  district.  Added  to  the 
Chicago  switching  district  plant  in  Argo, 
Matisa  rail  welds  are  now  available  to 
small  as  well  as  large  railroads. 

MATISA   RAILWELD,    INC. 

1020  Washington  Ave.,  Chicago  Heights,  III. 


Cut  Maintenance  Costs  With 
Dependable  Aeroquip  Hose  Lines 


Aeroquip  Flexible  Hose  and  Reusable 
Fittings  are  designed  to  cut  costs  two  ways: 
Dependable  replacement  lines  can  be 
assembled  quickly,  easily  in  your  shop  as 
they  are  needed.  There's  no  costly  in- 
ventory of  factory-made  lines;  a  few  coils 


of  bulk  hose  and  some  reusable  fittings 
meet  every  requirement.  Second,  you  save 
on  future  replacements  because  every 
Aeroquip  Fitting  is  detachable  and  com- 
pletely reusable.  Call  your  Aeroquip  Dis- 
tributor today! 


AEROQUIP  HOSE  LINES  FOR  RAILROADS 


For  Hot  Water,  Fuel  and  Lube 
Oils,  use  Aeroquip  1534  Hose  and 
Fittings.  Sizes  from  '^  "  to  2  Vi  "  meet 
all  locomotive  and  equipment  require- 
ments. Special  high  temperature  hose 
types  also  available. 


For  Air  Brake  and  Signal  Lines, 

use  Aeroquip  1531  Air  Hose  and 
Fittings.  Hose  has  internal  reinforce- 
ment for  longer  service  life,  lower 
initial  cost. 


.eroquip 


AEROQUIP  CORPORATION  •  JACKSON,  MICHIGAN 
INDUSTRIAL  DIVISION 

INDUSTRIAL  PLANTS:  VAN  WERT,  O.;  BURBANK,  CALIF.;  DALLAS,  TEX.; 

PORTLAND,  ORE.;  CRANBURY,  N.J.;  ATLANTA,  GA. 

In  Canada:  Aeroquip  (Canada)  Ltd.,  Toronto  19,  Ontario 

In  Germany:  Aeroquip  G.m.b.H.,  Baden  Baden-Oos 

AEROQUIP  PRODUCTS  ARE  PROTECTED   BY  PATENTS   IN   U.S.A.,   CANADA   AND  ABROAD 
FLEXMASTER  is  on  Aeroquip  Trademark 

AEROQUIP  PRODUCTS  ARE  DESIGNED   FOR  BETTER  RAILROADING 


•p 


FLEXMASTER  Pipe  Coupling 


Barco  Railroad  Diesel 
Speed  Recorder 


Only  Aeroquip  offers  two  automatic 
diesel  fueling  systems 


Here  are  the  up-to-date  facts  on  the  SPENO  Ballast 
Cleaning  and  the  SPENO  Rail  Grinding  Services. 


BALLAST  CLEANING 

SPENO  Engineering  and  Research  has  de- 
veloped a  superior  screening  arrangement  so 
that  we  are  now  using  an  imp>roved  Ballast 
Cleaner  with  greater  efficiency. 

RAIL  GRINDING 

Our  Rail  Grinding  Senice  has  been  so  well 
received  —  we  now  have  Three  Rail  Grind- 
ing Trains  to  take  care  of  the  demand. 


SPENO  is  constantly  developing  means  for 
belter  service  to  make  sure  that  the  Railroads 
receive  everything  they  pay  for  —  and  more. 
Outside  North  American  continent: 

SPEMA  RAIL  SERVICES  S.A. 

Grand-Font  2,  Lausanne,  Switzerland 

Canadian  Sales  Representatives: 

THE  HOLDEN  CO.  LIMITED 

614  St.  James  St.,  West 
Montreal,  Canada 


(J^i^/ys^  <^  '^Su^^z^?^^  yn<^na{/e  use^  aS» 
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FRANK  SPENO  RAILROAD  BALLAST  CLEANING  CO.,  INC. 


306  Nenh  Cayuga  Si. 
Khaca,  N.  Y. 


THE  TRASCO  CAR  RETARDER 

HUNDREDS  IN  SERVICE 
IN  CLASS  YARD  TRACK 


TRACK  SPECIALTIES  COMPANY 


P.O.  BOX  729 


WESTPORT,   CONNECTICUT 


mm 
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